D=-A087 088 AIR FORCE INST OF TECH WRIGHT=PATTERSON AFB OH SCHOOL==ETC F/6 1%5/5
A STUDY OF FUEL SUPPLIES FOR EMERGENCY POWER GENERATION AT ATR ==ETC(U)
JUN 80 S J MOTT, S D NELSON

UNCLASSIFIED AFIT-LSSR=17-80 NL




I = A A SO+ At O 2 ANBa o et as

DEPARTMENT OF THE AIR FORCE
AIR UNIVERSITY (ATC)

AIR FORCE INSTITUTE OF TECHNOLOGY

Wright-Patterson Air Force Base, Ohio




T T - e iy P R

b

A STUDY OF .FUEL SUPPLIES FOR
i EMERGENCY POWER .GENERATION AT

L OGISTICS ;ENTERS R

/¢

_, __Cupea?Stephen 3./ Mot usar
e Captairy Sherman D. Ne]_.sqn USAF

w"_‘:‘____’l

- LSSR 17-80

: A y /) e !




The contents of the document are technically accurate, and
no sensitive items, detrimental ideas, or deleterious
information are contained therein. Furthermore, the views
expressed in the document are those of the author(s) and do
not necessarily reflect the views of the School of Systems
and Logistics, the Air University, the Air Training Command,
the United States Air Force, or the Departmant of Defense.




USAF SCN 75-208 ' . AFIT Control Mumber LSSR 17-80
AFIT RESEARCH ASSESSMENT

The purpose of this questiomnaire is to determine the potential for current
and future applications of AFIT thesis research. Please return completed
questioma:.s s'res to: AFIT/ LSH (Thesis Feedback), Wright-Patterson AFB,
Chio 45433. '

1. Did this research contribute to a current Air Force project?

a. Yes b. No
2. Do you believe this research topic is significant enough that it would
have been researched (or contracted) by your organization or another agency
if AFIT had not researched it?

a. Yes b. No
3. The benefits of AFIT research can often be expressed by the equivalent
value that your agency received by virtue of AFIT perfomming the research.
Can you estimate what this research would have cost if it had been
accamplished under contract or if it had been done in-house in temms of man-
power and/or dollars?

a. Man-years : $ (Cantract).

b. Man-years S (In-house).
4. Often it is not possible to attach equivalent dollar values to research,
although the results of the research may, in fact, be important. Whether or
not you were able to establish an equivalent value for this research (3 above),
what is your estimate of its significance?

Highly b. Significant ¢. Slightly d. Of No
Significant Significant Significance

5. Camments:




PENALTY FOR PRIVATE USE. $300

I

BUSINESS REPLY MAIL

FIRST CLASS PERMNT NO. 73238  WASMINETON 0.8

POSTAGER WiLL 08 PAID Y AOCODRESSEE

AFIT/LSH (Thesis Feedback)
Weighc-Paccerson AFB OH 434133

L.




UNCLASSIFIED
{ SECURITY CLASSIFICATION OF TWIS RAGE (When Deta Entered).
REPORT DOCUMENTATION PAGE N -
[T REPONT NUMBERN 2. GOVY ACCESSION NO.

LSSR 17-80 / AL»”057 0‘{( 3. RECIPIENT'S CATALOG NUMBER

4. TITLE (and Subtitle)

S. TYPE OF REPORT & PERIOD COVERED

A STUDY OF FUEL SUPPLIES FOR EusngzﬁEY Master's Thesis
POWER GENERATION AT AIR LOGISTICS CENTERS

6. PERFORMING OG. REPORT NUMBER

‘.,

1 7. AUTHOR(s)

Stephen J. Mott, Captain, USAF
Sherman D. Nelson, Captain, USAF

8. CONTRACY OR GRANT NUMBER(s)

9. PERFORMING ORGANIZATION NAME ANDO ADORESS

10. PIOGH M ELEMENT, PROJECY TASK
REA & ORK UNIT NUMBER

School of Systems and Logistics /s
Air Force Institute of Technology,WPAFB OH
- 1. CONTROLLING OFFICE NAME AND ADORESS 12. REPORT DATE
Department of Communication and June 1980 e
Humanities 3. NUMBER OF PAGES
AFIT/LSH, WPAFB OH 45433 167
4. MONITORING AGENCY NAME & ADDRESS(4! different trom Controlling Oflice)

18. SECURITY CLASS. (of thie report)

UNCLASSIFIED

%a. DECL ASSIFICATION/ DOWNGRADING |
SCHNEDULE

18. DISTRIGUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

.: 17. DISTRIBUTION STATEMENT (of the -D-Ah;ﬂ m\.ln?) 4..;5;. Fz’tJ it 1‘6"' R 190-17.
*‘l L&J\
? !IED!K:CIJn“ﬂi
i’ [e  suPPLEMENTARY NOTES
e

19. KEY WORDS (Continue on reverse side il necessary and identify by block naumber)

. . EMERGENCY POWER

FUEL AVAILABILITY

DIESEL GENERATORS
AFLC BASE RECOVERY PLANNING
ELECTRICAL POWER

20. ABSTRACT (Continue on ceverse side if

y and ideniity by block ber)

”
BT ea ok oe o

Thesis Chairman: Ronald E. Knipfer, Lieutenant Colonel, USAF

DD , 55" 1473  coimion oF 1 nov 68 13 omsoLETE
'

UNCLASSIFIED

SECURITY CLASSIFICATION QF THiS PAGE (When Dete Entered)

——

N




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered) |

N
The uncertainty of the availability of future supplies of petroleum
has raised the possibility that a future electrical power curtail-
ment could be accompanied by a simultaneous curtailment of petro-
leum fuel supplies. During such curtailments the ability of the
Air Force Logistics Command's Air Logistics Centers to accomplish
the essential operations required by a wartime scenario may depend
upon the use of emergency back-up generators to provide electrical
power to critical facilities. After obtaining information about
the back-up generators at each Air lLogistics Center and the quanti-
ties of fuel likely to be available for generator use during a sup-
ply curtailment, a linear programming computer package is used to
determine the maximum length cof time each Air Logistics Center can
continue to meet its minimum critical operating requirements dur-
ing a complete curtailment of commercially supplied electrical
power and petroleum fuels. After reviewing the results of the com-
puter analyses, the authors conclude that a long-term curtailment
may have significant adverse impact on the ability of the Air Logis-
tics Centers to meet critical operating requirements during a war-
time scenario.

UNCLASSIFIED

SECUMITY CLASSIFICATION OF Tu't @AGE(When Dats Entered)




. -

LR I R WYY, P Y SRR 1 AT LD NI N I g

LSSR 17-80

A STUDY OF FUEL SUPPLIES FOR EMERGENCY POWER

GENERATION AT AIR LOGISTICS CENTERS

A Thesis
Presented to the Faculty of the School of Systems and Logistics
of the Aif Force Institute of Technology
Air University
In Partial Fulfillment of the Requirements for the

Degree of Master of Science in Facilities Management

By

Stephen J. Mott, BSAE Sherman D. Nelson, BSEM
Captain, USAF Captain, USAF

June 1980

Approved for public release;
distribution unlimited

S
LY

Ly T2

i
¥




This thesis, written by

Captain Stephen J. Mott
and

Captain Sherman D. Nelson

fulfillment of the Requirements for the degree of
MASTER OF SCIENCE IN FACILITIES MANAGEMENT
DATE: 9 June 1980

COMMITTEE C

ii

has been accepted by the undersigned on behalf of the
faculty of the School of Systems and Logistics in partial




TABLE OF CONTENTS

Page
LIST OF TABLES vi

Chapter

s A

I. INTRODUCTION ¢ o o o ¢ o o ¢ « o s o s s s o o « s 2 o
Background . . ¢ ¢ « ¢ ¢ ¢ 4 s o s o s s s s e « s
Problem Statement . . ¢« ¢« ¢ o ¢ « ¢ « = ¢ s = ¢ @

Justification . ¢ . v ¢ ¢ ¢ o ¢ o o e s v e s e e

W NN

{

i

|

‘ Delimitation . . . ¢ ¢ ¢ v ¢ o o v v o v o 0 o o

‘ Research Objective . « « ¢« ¢ ¢ ¢« « « ¢ s+ o o « o & 10
, Research Questions . . . « ¢« & 4 o o & o ¢ v ¢ o & 11

IT. METHODOLOGY .+ &+ 4 ¢ & ¢ o s o ¢ o o o ¢ o s o o o s o 12

Introduction ¢« ¢ ¢ ¢ o 4 e s s o s e s e s = o o s 12
Definition of TEIMS « « &+ « « o o 2 ¢ o o o+ & o 12
Description of Population . . « « . ¢« « « ¢« ¢ .« . 14
Measurement Parameters and Variables . . . .. 14

Data Collection . ¢« ¢ ¢« ¢ ¢ ¢ o ¢ ¢ ¢ o a o o« » o & 18

oy e ey

Data Analysis . . ¢« ¢« 4 ¢ ¢ ¢ ¢ o v b e e a0 . . 22

R

Summary Of ASSUMPLIONS « ¢ o o ¢ « o ¢ o o o o & » 30

ut i
[

IITI. DATA COLLECTION . . ¢ ¢ ¢ ¢ o o o o ¢ o =« o o o o o » 31

: Introduction « « v ¢« ¢ ¢ ¢ o s o o o o o o a o o s 31
{%, Generator Data . « ¢ ¢ ¢ 4 4 ¢ o ¢ 6 o o ¢ o o v » 32
2. General . . ¢ ¢ ¢ o « o e o o a8 s e s s a s e s 32
Data on Existing Generators . . « « « « « « . 33
y iii
Y




Chapter
Fuel Consumption Rate Determination .
Fuel Availability Data . . . « . « .« . .

IV. RESULTS OF DATA ANALYSIS * e 4 e e e e e

Introduction « « « « ¢ « o ¢ « o o @ o o
Analysis of Robins Air Force Base . . .

Analysis of Hill Air Force Base . . . .

Analysis of McClellan Air Force Base . .
Analysis of Tinker Air Force Base . . .
Analysis of Kelly Air Force Base . . . .
Discussion of Results . . . . . . . . .
V. SUMMARY, CONCLUSION, AND RECOMMENDATIONS .

SUMMATXY « ¢ o o o o o o o o o o o o o

Conclusion e e o o e e e e 8 e o o o

Recommendations . « « « « o o o o « o o o o 53

APPENDICES . ¢ ¢ ¢ ¢ & o o o o o o o o o o o o o o o o 55 !
A. ALC GENERATOR AND FUEL DATA . . . « « « « « « & 56
B. ROBINS AFB INPUT PROGRAM . . . « « « « o o o o & 68
C. ROBINS AFB OPTIMAL OUTPUT . . . &+ « « o o o o & 73 7

D. HILL AFB INPUT PROGRAMS . . . ¢ . & o« ¢« o o & o 77

E. HILL AFB SUBOPTIMAL OUTPUT . « + ¢ ¢ ¢ ¢ « o o = 90 *
F. HILL AFB OPTIMAL OUTPUT . . . « .« &« ¢ ¢ o o o & 96

G. McCLELLAN AFB INPUT PROGRAMS . . . « . . . « . . 100 . |
H. McCLELLAN SUBOPTIMAL OUTPUT . . . . . . « . . o 110

I. McCLELLAN AFB OPTIMAL OUTPUT . . . . . « . « « - 114

J. TINKER AFB INPUT PROGRAMS . . . . « . « « « . . 118

iv




T N e AN e A N s Bt o -

* —-—— -

e A | g bt

+ —ar

¢ e v e T T W v ‘”‘W—“—-—j

Page

K. TINKER AFB SUBOPTIMAL OUTPUT . . . . . . . . . . 127

L. TINKER AFB OPTIMAL OUTPUT . . . . . . . . . « . 131

M. KELLY AFB INPUT PROGRAMS . . . . . . . « . « « « 135

N. KELLY AFB SUBOPTIMAL OUTPUT . . . . + « . . . . 1l44

O. KELLY AFB OPTIMAL OUTPUT . . . . . . . . . . « . 1las8

P. EXAMPLE PROBLEM . . . . . . . 4+ &« + o« & « « « + 152
SELECTED BIBLIOGRAPHY . « ¢ ¢ « « o ¢ & o o s « o« « « + 163
A, REFERENCES CITED . . ¢ & + « « « o« o o o« o« » o« « 164

B. RELATED SOURCES . . . . ¢ « ¢ & « « s 2 « « « . 166




e "

LIST OF TABLES

Table Page

- Yt~ + v

1. Summary of Results . . . . « ¢ ¢ ¢ ¢ o o o o & @ 47 .

RSN h i e e s AR e Wt oA W
'




CHAPTER I i

INTRODUCTION

Background

The era of inexpensive and abundant petroleum
resources for the United States ended in 1973 when the
Organization of Petroleum Exporting Countries decided to

drastically curtail exports of crude oil to the United

[RDUPRYF. N

States and other western industrialized nations, and to

simultaneously increase to an unprecedented high the price

B s L pr e v s 27 VST SR B T
ol e .

of all exported petroleum. The oil embargo, rather than

being a temporary inconvenience, emphasized to Americans g
!

rﬁptions in the supplies of foreign crude o0il to domestic

refineries. Though the impact of the embargo was reflected

almost immediately through an increase in gasoline prices ]

and nationwide gasoline allocation problems, the implica~

the. vulnerahility of the United States' economy to inter-
]
|

g tions for continuing long-term effects on American industry :
; were probably even more disconcerting. ]
- The energy crisis of 1974 surprised most Americans,
but a 1974 paper noted that an "energy shortfall was pre-
* dictable [to what now is evident as good accuracy] from
? simple arithmetic projections a considerable time ago

[26:4]." The turning point apparently occurred in 1969 when
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the demand for oil and gas energy in the United States
finally outstripped the supply from domestic sources (6:3). |
Since that time, not only has the United States failed to

reduce energy demands to a level capable of being satis-

fied by domestic suppliers, but has continued to increase

the range by which consumption exceeds domestic production.

By 1976 annual consumption was exceeding domestic production -
by 1.6 billion barrels of oil and 12.8 billion cubic feet ]
of natural gas (17:3).

Since approximately 70 percent of United States
petroleum imports originate in nations belonging to the

Organization of Petroleum Exporting Countries, the potential

for another oil embargo is always present. The inter- i

an oil embargo as a method for influencing foreign policies

of the United States. The strategic flexibility of the
United States then, has been significantly reduced because
of the increased dependence on oil imports (17:8).

The electrical power produced by utilities accounts

for approximately 25 percent of total energy requirements

_ national political situation may again inspire the use of
in the United States, but will account for 37 percent of
the total requirement by 1985 (17:17). Unfortunately, much

; of this electrical power is produced by utilities with
| generating plants that burn oil or natural gas, both of
which will continue to become more scarce and which will

E
| continue to be supplied in part by imports from foreign
:

2
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countries (17:3). Since 0il and natural gas have been
available until recently at unrealistically maintained low
prices, the use of alternate abundant fuels such as coal
and reactor quality fissionable materials has not been
vigorously pursued. Concerns about the potential harm to
the environment caused by the use of coal and nuclear power
plants have also inhibited the development of power plants
using these abundant domestic fuels. Consequently, elec-
tric utility companies are potentially very vulnerable to
another curtailment of petroleum imports. Of course, the
breakdown of the reactor cooling system at the Three Mile
Island nuclear electric generating plant in the Spring of
1979 made it clear that all power plants are vulnerable to
unforeseeable circumstances which.may cause losses of elec-
trical power for considerable periods of time. 1In the case
of the accident at Three Mile Island, the power plant will
not be in operation again for several years, if it is
indeed ever again reactivated.

Though efforts are being increased to make the
United States more independent of foreign sources of energy
supplies, mainly through conservation and development of
alternate domestic resources, for the foreseeable future
the United States will still be dependent on foreign enerqgy
supplies. A study by the Strategic Studies Institute com-

pleted in February 1978 concluded that:




. « . even with increased emphasis on conservation
and accelerated development of additional domestic
resources, there is little likelihood that the United
States can increase its energy self-sufficiency by
1987. The most optimistic of forecasts indicate that
the nation is likely to do no better than hold its
present position [17:22].

The Defense Advanced Research Projects Agency pre-
dicted in 1972 that an energy shortage would "have deleteri-
ous effects on national security, in particular in economic,
political, and military terms [B:29])." As the increase in
energy usage at military facilities paralleled the increased
usage in the economy as a whole, the Agency was particularly
concerned with the fact that "nearly all U.S. military
installations met their energy need through procurement
from off-site commercial supplies [8:12]." . This being the
case, military facilities were not only susceptible to cur-
tailments in the supply of electrical power and petroleum-
based fuels caused by o0il and gas shortages generated by
foreign suppliers, but were also susceptible to curtailments
caused by labor strikes, utility plant generating equipment
failures, natural disasters, and even price disputes. 1In
addition, military installations are generally not guaran-
teed an allocation of electricity during an energy shortage,
as are police departments, fire departments, hospitals, and
other Facilities considered critical by the civilian com-
munity (19:26).

The deleterious effects of massive curtailments of

electrical power were dramatically demonstrated during the

4
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blackout of the northeastern United States in 1965. Regard-

ing that blackout the Department of Defense (DOD) stated:

One of the lessons learned by the DOD and the entire
civilian sector from the massive power failure of Novem-
ber 9, 1965 is that there is no substitute for adequate
auxiliary electrical power systems in an emergency. The
thousands of these systems which are installed by the
civilian community in the wake of that great power
failure is adequate testimony for this point. Further-
more, during that power failure, which caused a black-
out in the entire northeastern United States, the DOD,
because of a sound policy of the use of auxiliary
electric power, did not suffer any loss of mission essen-
tial operations [7:25].

Of the 1.46 quadrillion British thermal units of
energy consumed by the Department of Defense in fiscal year
1977, the U.S. Air Force consumed 48 percent of the total
(4:3-2). Facility operations accounted for 30 percent of
the Air Force's total consumption (4:3-2). As the energy
supply situation becomes increasingly more acute in the
future, the likelihood of electrical power and petroleum-
based fuel curtailments at Air Force installations may
increase commensurately. This increases the possibility
that facility operations may also be adversely affected
more than the past when supplies of electrical power and
petroleum fuels were generally plentiful and almost guar-
anteed.

The Air Force has recognized the need for bases to
reduce their dependenée of commercially supplied energy,
and most efforts have been directed towards reducing total
demand through conservation. Alternate energy resources

for military installations are also being considered as

5
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future possible partial solutions to the Air Force's facil-
ity energy problem. Air Force regulations, however, cur-
rently require the use of existing commercial utility
sources whenever economically feasible, rather than con-
structing or expanding Air Force power sources (24:4).
According to the Construction Engineering Research Labora-
tory, an
« « o installation cannot economically compete with

a utility company, because the utility company can use

its much larger demand base and diversity to obtain

large economies of scale [6:10].

Consequently, the dependence of military installations on

commercially supplied electrical power will probably con-

tinue for many years in the future.

The Air Force regulation establishing the policies
for obtaining electrical power from public utilities also
recognizés that service interruptions may jeopardize the
ability of an Air Force base to perform its mission. This
regulation, AFR 91-5, states:

In a local emergency shortage, local utility com-
panies may be forced to curtail or interrupt service to
an Air Force base to the extent that it will endanger
the mission [24:4].

This regulation also requires the installation commander to
take "the necessary conservation action immediately, and
make emergency provision for alternate temporary service
to meet minimum requirements of the installation [24:4]."

The development of a contingency plan for each base to

reduce electrical power in an emergency and to use




emergency generators to assume part of the electrical load
is also required (22:4). The increased probability of
energy supply curtailments in the future makes such a con-

tingency plan even more important.

Problem Statement

A future long-term curtailment of electrical sup-
plies which coincides with a shortage of petroleum fuels
could adversely affect the ability of Air Force installa-
tions to satisfy their critical operating requirements once
initial stocks of emergency fuels have been exhausted. To
date, no study has been found which determines the length
of time that Air Force installations can operate using

emergency power before resupply of fuels becomes imperative.

Justification

A review of the current literature addressing the
energy problems of military installations indicates the lack
of studies specifically relating to the emergency generator
fuel requirements of military installations during periods
of energy supply curtailments. The pressing need for
energy conservation and the development of alternate sources
of energy for the future dominates the attentions of most
groups engaged in energy research. Evidence indicates that
back-up emergency power capabilities need to be examined
however, as problems with some Air Force installations'

abilities to provide reliable emergency power do exist.

7
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For example, AFR 91-4 requires annual review of "the
generator and system capacity and loads, storage of fuel
and lube oil, and the feasibility of shedding nonessential
loads [20:16)." This requirement notwithstanding, a 1977
General Accounting Office (GAO) study of the management of
emergency power generators by the Department of Defense
stated that, in regard to emergency power requirements at
Robins Air Force Base, Georgia,

Annual reviews required under Air Force regulations
were not being made. Base Civil Engineering informed
us that as long as complaints were not received, they
considered that all needs were being satisfactorily
met {7:30].

At Castle Air Force Base, California the GAO was told that

. « « to determine whether a continuing requirement
exists for generators, the Base Civil Engineer each
year verbally asks all generator users whether their
missions have changed [7:29].

The Department of Defense (DOD) indicated the need
for more information regarding potential problems faced by
defense installations during an energy shortage in a study
in 1978 which stated:

In accomplishing its mission in an energy shortage
situation, DOD requires accurate information to assess
the energy consequences of its present operations (and
conversely), as well as t: develop new programs to deal
with both energy and mission-related problems [8:B-1].

Delimitation
With over 85 active Air Force installations in the

continental United States, a study which attempted to gather




and analyze data from each base within the time constraints

imposed would be difficult, if not impossible, to complete.
In the attempt to answer the research questions soon to be
posed, it is anticipated that a critical and infdepth
apalysis of the base emergency power requirements and fuel
supplies will have to be made. For this reason, the scope
of this study will be limited to a small sample of Air Force
installations. Since policy at any particular base is
generally a reflection of both Air Force and parent command
policies, it appears to be sound practice to study bases
under a single major air command. The colocation of the
Air Force Institute of Technology with a major air command
headquarters, that of Air Force Logistics Command (AFLC),
permits ready access to data concerning not only the head-
quarters base, Wright-Patterson Air Force Base, but also
other major installations in the command. In regard to the
industrial functions performed by AFLC, the Air Logistics
Centers (ALCs) represent a census of major AFLC installa-
tions, and this study will be ‘limited to the ALCs for this
reason. In addition to the contribution of readily access-
ible data through their headquarters base, the ALCs prove
to be excellent elements of study for several other reasons.
First, the diverse locations of the ALCs throughout
the United States permit the study of energy systems
designed for differing climates, and hence will direct a

look at a greater variety of power requirements than would

9




studying bases located in one particular climatic or geo-
graphic area. Second, most major AFLC installations can
be classified as industrial power users. The nature of the
work accomplished at these installations makes them heavily

dependent on electrical power supplies, and consequently an

effective contingency plan for restoring electrical power

during an emergency is especially important. Third, the

; fact that the bases are located in different geographic

areas of the nation precludes the possibility that several
bases are part of the same electrical power grid system,

and makes it very unlikely that any of the bases are sup-
plied with power by the same major commercial utility com-
pany. Finally, the important role of AFLC bases in maintain-

ing the defensive capability of the United States makes them

excellent candidates for study. The inability of major

» AFLC bases to meet their minimum critical operating require-
ments during a curtailment of electrical power would most
likely have adverse effects on all other major air commands,

particularly during wartime.

Research Obijective

The objective of this thesis is to determine the
maximum length of time that the Air Logistics Centers can
continue to meet their critical operating requirements by

using emergency back-up generators during a long-term

10
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curtailment of commercially supplied electrical power and

petroleum fuels.

Research Questions

1. At each Air Logistics Center, what emergency
power sources have been identified as necessary to meet
critical operating requirements?

2. What is the fuel consumption rate for each
emergency power source at each Air Logistics Center?

3. By type, what quantities of fuel are available

at each Air Logistics Center to meet the requirements of
back~up emefgency power sources?

4. Relating fuel supplies and consumption rates
to time, what is the maximum length of time each Air Logis-
tics Center can opergte on emergency power during a curtail-

ment of commercially supplied electrical power and petroleum

fuels?

11




CHAPTER II

METHODOLOGY

Introduction

The procedures for satisfactorily obtaining answers
to the four research questions outlined in Chapter I can be
divided in two general areas--data collection and data
analysis. Providing answers to the first three research
questions is the principal objective of the data collection
effort, and analysis of the data will yield the answer to
the fourth research question regarding the maximum length
of time each ALC can operate using emergency back-up power
during a curtailment of commercially supplied electrical
péwer and petroleum fuels. In this chapter terms to be
used in the discussion of the data collection and analysis
procedures are defined, the population of interest is spe-
cifically identified, the data collection procedure is out-
lined, the data analysis procedure is discussed, and assump-
tions made during development of data collection and

analysis procedures are summarized.

Definition of Terms

The following terms are used frequently throughout
this study, and a thorough understanding of their definitions

is essential to the reader. Definitions marked with an

12




asterisk are taken directly from Air Force Regulation 91-4,

Maintenance and Operation of Electrical Power Systems (22:1).

B TRV,

1. *Base generated power--that electrical power

? generated in-house in support of Air Force facilities.

2. *Commercial power--that electrical power obtained

from a commercial utility in support of Air Force facilities.

i 3. *Emergency power--an alternate source of elec-
trical power available for use in the event of a failure
of the primary power source.

4. Fuel consumption rate--the amount of fuel used

per unit time (usually expressed in gallons/hour).

5. Load shedding--a reduction in electrical power

total demand realized through selective shut-down of non-
essential loads.

6. Minimum critical operating requirement--a

requirement, as defined by the agency having responsibility
for that requirement, which, if not met, will result in
serious mission degradation or failure.

7. Mobile generator--a generator designed to be

readily transported to location of use. (Includes all
generators not identified as real property installed equip-
ment.)

8. OQutput power rating--the electrical power, mea-

sured in kilowatts, that a generator is capable of supply-

ing to a load.

13




Description of Population

As indicated in Chapter I, this study is limited

- gt A - s

to the Air Logistics Centers of AFLC. These installations

< ——

are:
1. McClellan Air Force Base, California
2. Hill Air Force Base, Utah

Tinker Air Force Base, Oklahoma l

w
.

4. Kelly Air Force Base, Texas r

5. Robins Air Force Base, Georgia

—~————.——— o .

Results from this study cannot be extended in h
general to other Air Force installations. The ALCs being r

studied are not a random sample of any larger population.

o s g e

Consequently, inferences about the larger population of g

installations which may include all Air Force bases or pos-

sibly all Department of Defense installations cannot be

made from this study. However, the numerical techniques

e S ——

and method of analysis employed are not limited only to the
i population under study here and therefore could be used in

! the study of other installations.

Measurement Parameters and Variables

For each ALC, several parameters will have to be
measured or obtained to facilitate the derivation and group-

ing of variables used in the data analysis. These param-

eters fall into two categories; those which are character-

istics of the emergency power systems and those which are

14




characteristics of the emergency fuel stocks. Necessary

characteristics of the emergency pcwer systems at each ALC

R s Al s D AR - N

and a description of how they are utilized are as follows:

o ————e

l. Type of system (diesel, gas turbine, spark fired
internal combustion, etc.)--necessary to determine the type
of fuel required for any particular generator.

2. Power output rating--necessary to determine the

e e L e o e

fuel consumption of the particular generator in question.
Used in conjunction with fuel type and manufacturer/model
number to determine fuel consumption rate.

3. Fuel type (gasoline, diesel fuel #2, etc.)--

S e A D s o1 o

necessary to properly identify each type of fuel which can
impact an ALC's ability to provide emergency power. Used
in conjunction with manufacturer/model number and power

output rating to obtain fuel consumption rate.

4. Fuel consumption rate (R)~-determined for each

generator and used as an independent variable in the analysis
section of this study.

5. Fuel tank capacity (F)--measured in gallons for

each generator and used as an independent variable in the
analysis section of this study.

6. Associated facility--information to be main-

tained, for each generator, so that results of this study . .
can later be specified as to particular impact on the ALC

in question.

15




7. Manufacturer/model number--used in conjunction

with fuel type and power output rating to determine fuel
consumption.

Necessary characteristics of emergency fuel stocks
at each ALC and a description of how utilized are as fol-
lows:

1. Fuel type (gasoline, diesel fuel #2, etc.)--
necessary to identify type of generator to be supplied from j
a particular fuel stock.

2. Fuel guantity stored (Q)--necessary to determine

a v .

the supply impact of that particular type of fuel.

The variables necessary for the analysis portion of
this study which are derived from the above parameters are:

1. Time (T)--the dependent variable 6f the analysis
procedure of- this study which indicates the maximum length
of time an ALC can operate on emergency power under a cur-
tailment of commercially supplied electrical power and
petroleum fuels. Ty

2. Fuel consumption rate (R)--an independent vari-

able used in the analysis procedure of this study.

3. Fuel supply (S)=--an independent variable used

in the analysis procedure of this study.

4. Fuel tank capacity (F)--an independent variable

used in the analysis procedure of this study.
Obviously, there are other variables that could

affect the ability of an ALC to meet its critical operating
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requirements. The objective of this study, however, is to
isolate only the effects of emergency fuel supplies on the
ALC's ability to maintain critical operations. Therefore,
several assumptions must be made concerning other factors
which may affect this ability. First, it is assumed that
sufficient maintenance and support personnel and equipment
exist to keep all generators operating. Second, the require-
ments for emergency power generation in AFLC are, in the
worst possible case, based on the necessity to maintain
critical operations "during a wartime scenario in which
AFLC installations must support overseas operations [20:1]."
The 1979 AFLC study which outlined the requirement for emer-
gency power based upon a wartime scenario also required the
Air Logistics Centers to aetermine if generators were being
used to support facilities not required during a wartime
scenario, and if any facilities critical to operations dur-
ing a wartime scenario were not being supported with emer-
gency power. Though no facilities currently being sup-
ported with emergency generators were identified as being
unnecessary during a wartime scenario, additional critical
facilities were identified which were not being supported
with emergency power (l). All existing emergency generators
then are apparently required to support critical operations
during a wartime scenario. Since additional generators

will be installed in the future to support those critical

facilities currently without emergency power, this study

17




will also include the effect of these additional generators

on the length of time the ALCs can maintain critical opera-

tions. Further, in the absence of restrictions or operating

limitations to the contrary, it is assumed that implicit in

a wartime scenario is the demand for continuous support

from the ALC. Operationalizing this assumption for the

purpose of this study requires examination of emergency |
generator fuel supplies under conditions of continuous,

seven-day-a-week, twenty-four-hour-a-day operation. Conse-

quently, the maximum length of time that the ALCs can main-
tain critical operations, for the purpose of this study and

under the assumptions just outlined, is the maximum length

Bafens & |. Salhio. _‘"a' “l

of time that all existing and proposed emergency generators

can operate on the ALC's supply of emergency fuel. 3

Data Collection

The data collection effort is designed to provide
information regarding the measurement parameters contained

in the summary list of parameters. With minor exceptions, .

this information will also essentially answer the first
three research questions which seek information required to
determine the value of the dependent variable, time, in the
data analysis section.

For each Air Logistics Center, the data required
are divided into two major areas--emergency power systems

and emergency fuel storage tanks. Seven different

18
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parameters are required for each power system, and two
parameters are required for each fuel storage tank.

Much of the information regarding both power sys-
tems and fuel storage tanks can be obtained from each Air
Logistics Center in the form of Annexes to the Civil Engi-
neering Base Recovery Plan (required by AFR 93-2), which
is a contingency plan used to facilitate and expedite
restoration of installation operations following a variety
of potential disasters.

Information regarding the following parameters is
located in Annex M, "Alternate or Emergency Power Sources
and Lighting Systems:"

l. Each Emergency Power System

2. Each System's Power Output Rating

3. Each System's Fuel Type

4. Each System's Associated Facility

5. The Manufacturer/Model of Each System

The specific format for Annex M is outlined in
AFR 93-2, and the Annex contains a complete list of all
emergency generators on the installation, and certain
information about each generator, not all of which is
required by this study. The information on each generator
in the Annex is listed in the following format:

1. Priority of Recovery

2. Location

3. Description (Manufacturer/Model)

19




4. Condition
5. Size (Kw)

6. Fuel (Type)

7. Operation (Manual/Agtomatic)

8. Approximate Running Time
The associated facility for each generator is determined by
its location. The power output rating for each generator
corresponds to the size in kilowatts listed in the Annex.
The fuel type for each generator and the manufacturer/model
are specifically listed.

Since the Base Recovery Plans are usually reaccom-
plished only yearly, the accuracy and currency of the infor-
mation in the plans will be verified by examining, for each
base, the Generator Status Chart, which "has data on each
backup and standby generator maintained by Base Civil
Engineering [23:p.2-3]." The format for this chart is
located in AFR 85-1. Continuously maintained by the elec-

trical power production shop, the chart includes the follow-

ing information of interest:
l. Priority
2. Location
3. Manufacturer
4. Kw Rating
5. Maximum Running Time
Notice that both Annex M of the Base Recovery Plan

and the Generator Status Chart provide information on
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generator running times. Though approximate or maximum
running time could be an indirect indicator of both fuel
tank capacity and fuel consumption rate, the regulations

do not specify a method of computing running time, nor is
running time specifically defined in terms of the hours per
day that the generators would be operating. The running
time in days of a continuously operating generator will
obviously be less than the running time in days of the same
generator operating only eight hours per day. Consequently,
information regarding the specific fuel consumption rates
for each emergency power system can be obtained from the
manufacturer's technical specifications, which are avail-
able from the plant engineering service of the Information
Handling Services company. The fuel consumption rate
depends upon the manufacturer's model, the type of systen,
and the system output power rating. The fuel tank capaci-
ties for each power system can be obtained from the power
production shop at each installation.

In addition to emergency power systems already
installed at the ALCs, this study examines the impact of
proposed emergency power systems on the length of time the
ALCs can maintain critical operations. Information on the
parameters for proposed systems can be obtained from the
AFLC directorate of engineering in the form of the current
Military Construction Project Data for the Command. The

format for this data is DD Form 1391, which contains
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information regarding only required output power ratings

and associated facilities. Fortunately, other parameters
can be estimated using a USAF Aeropropulsion Laboratory
study of Air Force Ground Power Requirements (5). This

study provides average values for the required parameters
based on the power system type and power output rating.

The majority of emergency power systems use diesel engine
generators fueled by No. 2 distillate oil, and an assumption
for the thesis is that proposed emergency power systems

will be of the diesel engine generator type.

Information regarding emergency fuel storage tanks
is contained in Annex P of the Base Recovery Plan. This
annex, entitled "POL Storage, Distribution and Emergency
Backup," describes "the various POL sfstems including
‘storage capacity, location of tanks and distribution system,

and source of emergency stocks [21:35]."

Data Analysis

Recall that the dependent and independent variables
are, respectively, time (T), fuel consumption rate (R),
fuel tank capacity (F), and fuel stock allocation (S). For
each emergency generator the dependent variable, time, is

related to the independent variables by the following simple

linear equation:

T=F/R+S/R
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For each generator, the values of the independent vari-

ables, F and R, are known after completion of the data
collection procedure, and they become constants in the
equation. If F/R is defined as equal to constant B, and
1/R is defined as equal to the constant M, the equation
reduces to what is easily recognized as a standard linear

equation form:
T=MS+B

Thus, with a known fuel tank capacity and fuel consumption
rate, the length of time a generator can operate is depen-
dent upon the quantity of fuel allocated to it from the
total additional emergency fuel stocks (corresponding to
the type of fuel ﬁsed in the system).

If an installation has an N number of generators
using a specific fuel type, the following set of simultane-
ous equations describes the relationships between time and

allocated fuel stocks:

T,.=M.S,+B

1 71"1°"1

T28M252+32

T3=M3S3+B3

TN=MNSN+B

where BisFi/Ri, and Mi=1/Ri, i=1 to N.
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Since all generators will be required to operate

the same total length of time,

Summing the N simultaneous equations yields:

NT = (Mlsl+Bl) + (M282+82)

+ (M3S3+B3) + .. .+ (MNSN+BN)

or
T=M181+MZSZ+M3S3+. . .+MNSN
N N N N
+ 2% + 2% + 2% ...+ :?
Let:
:% + 2% + 2? + ...+ 2? = K
Then:
T=M]&SI+M§SZ+M3§3+. .. +M’;SN+K
or
e e R o e e P

Since K is a constant, maximizing the right-hand

side of the equation will yield the maximum time T, when K

is again added to the right-hand side.
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Let a variable Z=T-K. Then, also,

This equation is in the standard form for solution by the
linear programming solution technique known as "Simplex."
This is a method for determining the optimal solution to a
set of simultaneous linear equations with equality or
inequality constraints. In this case, the maximum value of
Z is required, subject to the constraint imposed by the
finite quantity of emergency fuel at each installation.

The sum of the individual fuel allocations to each
generator from emergency fuel stocks cannot exceed the

total emergency fuel guantities stored on the installation,

or:

Sy +8, + S35+ . . .+ 5. <8,

where St represents the total available emergency fuel
stocks. St is determined by summing the quantities of each

individual emergency fuel tank on base. For L fuel tanks,

St = Q1 + Q2 + Q3 + . . . QL'

where Q is the quantity of fuel stored in each tank.
The fact that all generators are required to
operate the same length of time imposes additional con-

straints on the system.
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Since
T1 = T2 = T3 « . = TN'
and
T1=Misi'+Bl i=1toN,
then
MlS1 + B1 = M252 + 82 = M333 + B3

O MSSN + BN'

The following is a convenient method for expressing the

above equality in a manner suitable for linear programming:
Since

then

Mlsl - M252 = 82 - Bl

which is an equality constraint requiring that 'I'l = T,.
Likewise,

M,s

or

The general expression for the set of N-1 constraints
required to ensure that all the times are equal is:
M.S

i5; = M;,98547 = Bjy17By i=l to N-l.

26
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These constraints are generally all that is required
to guarantee a feasible solution, except for one specific
case. The case occurs when the total gquantity of emergency
fuel to be allocated is not sufficiently large to ensure
that the maximum time, T, will be greater than the time
that an individual generator can operate on its attached
fuel tank alone. The equality constraints then force one
or more of the allocations, S, to be negative, as the system
tries to draw fuel from the generator with excess fuel.
Since Simplex requires the variables to be greater than zero,
the solution is infeasible. Elimination of the generator
with excess capacity from the system will allow the Simplex
method to optimally allocate the emergency fuel to the
remaining generators.

The solution to the problem by the Simplex method
will reveal the maximum length of time the generators will
operate and the guantities of fuel which should be allocated
to each specific generator to attain that maximum. Once
the value of Z is maximized, the maximum time, T, is deter-
mined by adding the constant K to the value of Z.

Since:
Z2=T-K
Then:

Tmax=Z+K

27




The equation to be maximized, called the objective '
function, and the constraints are summarized below:

Objective Function:

zZ = b + M2824 3% + .. . % ol
N N N N
Constraints:
Sy + S, +S3+ . ..+ Sy <S8,
Sisr Sys Sqs v o o 4 Sy 20
MiSi = Mj41S54) = B4y "By 1= 1tonll

A separate Simplex problem must be solved for each
type of fuel used by emergency power systems at each Air
Logistics Center. With five Air Logistics Centers and pos-
sibly two or three different fuel types, ten or fifteen
Simplex problems must be solved. These Simplex problems
were solved using a linear programming computer code known
as the Honeywell LP600 Linear Programming Package. An
example problem illustrating the validity of the analysis
procedure is explained in Appendix P.

The maximum length of time the generators can
operate will most likely be different for each type of
fuel. Since the operation of all gznerators is necessary
to meet an installation's critical operating requirements,
the maximum length of time these requirements can be met

will be limited by the type of fuel which is exhausted
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first. In other words, given two fuel types, f

and fz,

1

where Tm x(fl) < Tmax(fz)’ the maximum length of time that

a
critical operating requirements can be satisfied at that
installation will be Tmax(fl)'

Though the specific objective of the thesis is to
determine the maximum length of time the ALCs can operate
using emergency generators and emergency fuel stocks, this
maximum is dependent upon the proper allocation of the fuel
stocks to the generators. Consequently, each allocation
can be expressed in terms of the number of times each
generator will be completely filled, and the number of gal-
lons of fuel to be pumped into the generator tank the final
time it is refueled. This is determined by dividjng each
allocation, S, by the associated fuel tank capacity, and
expressing the remainder in gallons. A generator allocated
25 gallons, for example, and having a 1l0-gallon fuel tank,
would be refilled completely twice, and would receive a half
tank, or 5 gallons, on the final refueling.

Completion of the previously outlined analysis for
each Air Logistics Center successfully answers the fourth
research question, and fulfills the thesis objective, which
was to determine the maximum length of time the Air Logis-
tics Centers could operate using emergency power during a

curtailment of electrical power and petroleum fuels.
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Summary of Assumptions

1. All information obtained from valid, offici#l
Air Force sources is accurate.

2. Commercial sources of emergency power are not
available during a supply curtailment.

3. Proposed emergency power systems will be diesel
engine generator type.

4. Emergency power systems will be operating con-
tinuously during a wartime scenario.

5. All emergency power systems must be operating
in order for an installation to meet its minimum critical
operating requirements.

6. Maintenance and support, parts and services

are adequate to maintain continuous generator operation.
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CHAPTER III

DATA COLLECTION

Introduction

This chapter outlines particulars of the actual col-
lection of the program input data specified in Chapter II.
Although the actual collection effort closely follows the
proposed collection plan, variations in the way that each
particular ALC maintained and reported the needed data
necessitated a particular approach to data retrieval in
each case. This was precipitated by the facts that:

1. In most cases, Annex M of the base recovery
plans did not contain all data required by AFR 93-2.

2. Annex P of each of the base recovery plans did
not present fuel data in a manner which permitted the deter-
mination of the amounts of fuel allocated specifically to
emergency back-up power generation.

The effect of the above general circumstances on the
actual retrieval of the generator and fuel data from each
particular ALC will be detailed in the respective following
sections of this chapter. An additional circumstance which
became evident during the actual data collection effort was
that the study could be condensed to consider only those
generators powered by diesel fuel without impacting on the

results. For each of the ALCs in question, the number and

31




——— ) W o n e

size of the gasoline powered generators were so limited as

to make it intuitive that their inclusion would not be a

controlling factor in the study.

Generator Data

General

A summary listing of the generator data for each-
ALC is attached as Appendix A of this study. Generators
identified by an asterisk in this appendix are those which
an AFLC study (1) has indicated are necessary to permit that
particular ALC to meet its minimum operating requirements,
but that are only proposed at the present time. Data for
these generators at each ALC were obtained from DD Forms
1391 of the FY 82 Military Construction Program (2:6,17,
24,36,49) for Hill AFB, Kelly AFB, McClellan AFB, Robins
AFB, and Tinker AFB, respectively. As described in Chapter
II of this study, these DD Forms 1391 include only required
output power rating and associated facility. Fuel consump-
tion rate figures for these proposed generators were deter-
mined by interpolation from a chart of fuel consumption
versus output power for continuous operation in an Air Force
Aeropropulsion Laboratory technical report (5:108). These
fuel consumption figures were compared with actual manu-
facturer data obtained through the Information Handling
Services company (10) for generators of corresponding output

power and were found to be very highly correlated,
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indicating that the interpolated values are reliable pre-
dictors of fuel consumption rates for generators of unknown
make and model. Generator fuel tank capacities were also
not specified for the proposed generators, making it neces-
sary to assume a value for this input parameter for each of
the proposed generators. The "USAF Terrestrial Energy
Study”" accomplished by Air Force Aeropropulsion Laboratory
specifies a "design-to" target of a five-day fuel capacity
for diesel power systems of 10 MW or less (5:100). As the
proposed generators at all five ALCs fall into this cate-
gory, the generator fuel tank size of each was selected as
the quantity which permitted that particular generator to
run five days under conditions of continuous operation.
This value is simply éhe interpolated hourly fuel con-
sumption rate multiplied by 120 hours (5 days). These

tank capacities and running times are not inconsistent

with those of many generators already in place at the ALCs.

Data on Existing Generators

This section identifies the source of the input
data by ALC, for the parameters outlined in Chapter II
with the exception of fuel consumption rates. As earlier
described, the fuel consumption rate of each generator is
determined by generator specifications and not the running

times listed in the base recovery plans of the various ALCs.
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Therefore, consumption rate determination will be detailed

in a separate following section.

Hill AFB. Data on the parameters of facility, manu-
facturer, power rating, fuel type, and tank capacity of
installed generators were obtained from the base recovery
plan (12:M-1 to M~-3). Generator model numbers and tank
capacities of mobile generators were obtained from the
generator status board and/or records at Hill AFB (16).

Base recovery plan data were also confirmed or adjusted as

necessary based on these contacts (16).

Kelly AFB. Data on the parameters of facility,
power rating, fuel type, and tank capacity were obtained
ffom the base recovery plan (13:M-~1). Manufacturer and
model number, as well as corroboration of base recovery

plan data were obtained via telephone communication (9).

McClellan AFB. Data on the parameters of the

facility and power rating only were available from the base
recovery plan (14:64-65). Data on manufacturer, model
number, fuel type, and tank capacity for each generator

was obtained from records and the generator status board at
McClellan AFB (3). Contact with personnel at McClellan AFB

was also used to verify all data (3).

Robins AFB. All necessary data excepting tank size

were available in the base recovery plan (15:M-1-1 to M-2-1).
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Data corroboration and tank size were obtained by telephone

communication with Robins AFB personnel (11).

Tinker AFB. The base recovery plan for Tinker AFB

was under revision and unavailable at the time of the data

collection effort. All data were collected via telephone

contact with Tinker AFB personnel (18).

Fuel Consumption Rate Determination

Once the parameters of manufacturer (or make),
model number, and output power were obtained, fuel consump- ’
o}

tion rate for any given generator was determined in one of

three ways:

}u
1. Generators identified with MB series model

numbers are federally stocked generators made by numerous

e

different manufacturers, even for a given particular output

rating. Fuel consumption rates for these generators are

an adopted standard to insure consistency in planning, and

were obtained directly from Air Force records at the ALCs

(3; 9; 11; 16; 18). These generators are identified in

Appendix A by their associated MB series model numbers.

2. For generators of known make and model, a search

of Data Control Services Plant Engineering Series microfilm
records was made; where the exact make and model could be

located, fuel consumption rate data were taken directly

from these records (10). Generators where the data were
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obtained in this manner are identified in Appendix A by an
(a) following the fuel consumption rate figure.

3. Some generators of-known make and model were not
locatable through Plant Engineering Series microfilm records.
In this instance, the fuel consumption rate used was one of
the following:

a. The average rate of all generators of that
particular output power by that particular manufacturer,
as determined from VSMF Plant Engineering Series micro-
film (10).

b. Where less than two generators of the same
output rating and manufacturer were locatable, the fuel
rate used was one which was equal to the rate =I the one
generator of that power output that was fouvad.

c. If no generator for that output and by that

manufacturer was locatable, the fuel consumption rate used
was the average of all generators of the particular output

found in the VSMF Plant Engineering Series microfilm

records, regardless of manufacturer.

To ensure consistency and the most accurate data possible,
this procedure was followed in the order in which it was
just described. Generators for which fuel consumption rate
data were found in this manner are identified by a (b) fol-
lowing their respective fuel consumption rate figure in

Appendix A.
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Note that some generators in Appendix A are iden-

tified by the same (=nerator number. Those generators with
the same number share a common fuel tank, and will share the
fuel allocation identified by the linear programming analy-
sis. Aléo, since the generators share a common fuel tank,
the consumption rate associated with that fuel tank and used
in the linear program is simply the sum of the consumption

rates of all generators sharing that tank.

Fuel Availability Data

As previously stated, Annexes P of the base recovery
plans did not present fuel data in a manner which permitted
the determination of exact amounts of fuel specifically
allocated to emergency back-up power generation. These
annexes listed total quantities of fuel from which fuel for
back-up power generation was drawn. Therefore, it was
necessary to deviate from the original data collection plan
specified in Chapter II to obtain the needed data. A
proper determination of fuel quantities available for emer-
gency power dgeneration was obtained through the Command
Fuels Office at Headquarters AFLC (25). Data needed from
this source was in the form of total diesel fuel available
and a daily demand rate (DDR) for its use at each ALC. 1In
this form, these fuel figures could be incorporated: into the
linear programs utilized in this study by treating the

daily demand rate as a surrogate generator or fuel user and
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treating the fuel available as a source from which all
emergency power generators and the surrogate generator at
each ALC could draw. The actual data obtained was in the
form of barrels of fuel available and daily demand rate
expressed in barrels per day. This data is presented in
tabulated form for each ALC on the last page of Appendix A.
For incorporation into the linear program package used in
this study, the data were converted to gallons and gallon
per hour rates, as appropriate, to make them consistent with
all other generator data. The standard conversion of 42

gallons per barrel was used in these conversions.
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CHAPTER IV

RESULTS OF DATA ANALYSIS

Introduction

This chapter discusses the results of the LP600
programs for each Air Logistics Center. The LP600 programs
and selected output products for each ALC are contained in the
appendices. Prior to discussing the individual results for
each installation, the slight change in the analysis pro-
cedure resulting from the lack of specifically identified
emergency fuel stocks must be discussed. Recall from
Chapter III, Data Collection, that information was obtained
on the maximum total amount of diesel fuel available at an
installation and also the average daily demand rate for
diesel fuel at the installation. The tctal amount of diesel
fuel available must supply both the normal requirements of
the installation, as represented by the daily demand rate,
as well as the added requirements of the emergency genera-
tors during an electrical power supply curtailment. Conse-
quently, for the purpose of developing the objective func-
tion, daily demand rate can be considered an analogue of
the fuel consumption rate associated with each emergency
generator. Including the daily demand rate for the installa-

tion in the objective function and in the time equality
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constraints allows the construction of a fuel supply con-
straint which has as its limiting parameter the total
amount of diesel fuel available on the installation, rather
than an amount specifically set aside as an emergency fuel
stock. This is a more realistic approximation of the
situation as it actually exists at the ALCs, regardless of
the implication in the format for Annex P of the Base
Recovery Plan that separate emergency fuel stocks for
generators do exist.

The problem of one or more individual generators
being able to run longer on the attached fuel tanks than
the system as a whole can run on the total amount of addi-
tional diesel fuel available was discussed in Chapter II.
Recall that the Simplex problem is infeasible when this
situation exists, and the offending generators must be
eliminated from the system before an optimal solution can
be found. Since the coefficients of the objective function
and the constant K are based, in part, on the number of
generators in the system, elimination of generators from
the system would seem to require the computation of a new
set of coefficients and a new constant each time generators
are eliminated. The coefficients, however, maintain the
same relative proportions to eacp other, regardless of the
number of generators in the system, and the proper optimal
solution can be determined simply by multiplying the

optimal value on the computer output by a ratio of the
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original number of generators in the system, and the num-
I ber of generators remaining in the system when the Simplex

problem finally becomes feasible.

For a system of N generators the objective func-

tion is:

If three generators must be eliminated to produce a feas-
i ible problem, a system of N-3 generators results. Rather
: than adjusting each coefficient prior to maximizing the
‘ objective function, the computer program is run with the
i original coefficients and Z is adjusted to account for the

change in the number of generators in the system.

The objective function maximized will be:

[

! zZ = + + + . .

! 252 353 , N-3%n-3
. N

The resulting maximized Z is adjusted by a ratio of ﬁ§§.

2 - I8
adjusted N-3

_ MlSlN . M252N . M3S3N X . MN-3SN-3N
NE-3) "N femEn o T Y mes
M.S, MS, MS S

J05, M%  M%s  Me-a®hes

N-3 N-3 N-3

Thus the adjusted Z is the correct optimal value for a sys--

tem of N-3 generators when the objective function

41

e
{14

e st




ccefficients a.e not changed each time a generator is
eliminated from the system. Examination of the LP600 input
programs in Appendix B will illustrate the wisdom of
adjusting Z rather than adjusting individual coefficients.
The constant K is also computed based on the number of
generators remaining in the system when the problem becomes

feasible.

Analysis of Robins Air Force Base

The LP600 computer output for Robins AFB is con-
tained in Appendix C. The first page illustrates the 28
successive iterations required to obtain the optimal solu-
tion for the objective function. The optimal solution is
the value in the functional column at the final iteration.
The next page illustrates the slack values in the con-
straints and the original right-hand-side wvalues for the
set of linear equations. Since the only actual resource
constraint is that constraint associated with the total
amount of fuel available, the program should continue
increasing the value of the objective function until the
fuel is completely exhausted. Complete allocation of the
available fuel is indicated by a slack of zero in the fuel
constraint row. The time constraints, since they are
equality constraints, also have zero slack. The fuel quan-
tities allocated to each generator are located in the

column marked "X-value."
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The Robins AFB problem was feasible with all
generators in the system, and no adjustment of Z was neces-

sary. From the LP600 computer output:

Z = 232.6
F.
Recall that the constant K = Zﬁiﬁ i =1 to N.
i
Or: K = 90.3
Solve for Tmax: Tmax =2 + K
Tmax = 232.6 + 90.3

322.9 Hours

13.45 Days

Based on a maximum total quantity of diesel fuel of

101,976 gallons, Robins AFB can operate on emergency power

for 13.45 days.

Analysis of Hill Air Force Base

The Hill AFB problem required the elimination of
two generators for the problem to be feasible. Both the
original program and the modified program are contained in
the appendices. Examination of the original program output
in Appendix E reveals that all generators iq the system
were not included in the basis, and thus an optimal solution
was not found. The optimal value for Z from the adjusted

program output in Appendix F is:
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Z = 336.1

This value of 2 must be adjusted by a ratio to account for
the change in the number of generators included in the
final computer program. The original N was 47. Since two

generators were eliminated from the system, the proper

; ratio is 47/45.

L

; Z,45.% 2(47/45)

H ; = (336.1) (47/45)
; = 351
i K = 100.4

+ K

]
]

max Zadj.
= 351 + 100.4

= 451.4 Hours

' = 18.8 Days
i

Based on a maximum total quantity of diesel fuel
of 215,712 gallons, Hill AFB can operate on emergency power
‘ for 18.8 days. Since the generators eliminated from the
\ system can operate considerably longer than 18.8 days on
their attached fuel tanks, all other generators and the
air base would run out of fuel before these two generators.
Nevertheless, since all generators are required in order
to meet minimum critical operating requirements, 18.8 days

is the limiting value.
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Analysis of McClellan Air Force Base

Since the McClellan AFB problem required the
elimination of generators for a feasible problem, the
original and adjusted programs are included in the appen-
dices. The optimal solution from the adjusted program

(Appendix I) also must be adjusted for the changed value

of N.
Z = 278.7
zadj. = 278.7(36/31)
= 323.7
K = 55

max Zadj. + K

= 278.7 Hours

= 15.8 Days

Though some generators can operate longer than
15.8 days, with a total quantity of diesel fuel of 122,976
gallons, the installation can operate all critical facili-

ties on emergency power a maximum of 15.8 days.

Analysis of Tinker Air Force Base

Tinker AFB was especially limited by the small
quantity of diesel fuel available, 23436 gallons, and 15
generators were eliminated from the system to produce a
feasible problem. The optimal value for Z is obtained from

the adjusted computer program output in Appendix L.
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Z = 58.9
zadj. = 28.9(37/22)
= 99.1
K = 29.9
Tmax = zadj. + K
= 129 Hours
= 5.4 Days

To produce a feasible problem, five proposed
generators with an assumed running time of 120 hours were
eliminated from the system. From previous analysis it
seems reasonable to include these generators in the system,
but including all five produces an infeasible problem. To
include only a few of these five generators in the system
would produce a maximum time somewhat less than 129 hours,
but still greater than 120 hours. Since these five
generators are not yet in existence, 129 hours seems a
reasonable enough figure for the maximum length of time
Tinker AFB can operate on emergency power with 23,436 gal-

lons of diesel fuel.

Analysis of Kelly Air Force Base

The Kelly AFB problem also required the elimina-
tion of numerous generators from the system for a feasible
solution. The optimal value for Z is obtained from the

adjusted computer program output in Appendix O.
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2 = 29.2

zadj. = 29.2(38/16)
= 69.3
K = 39.7
Tmax = zadj. + K
= 109 Hours
= 4.5 Days

At Kelly AFB, more than half the generators will
run longer on attached fuel tanks than the system will run
on the additional diesel fuel available. Based on 10,290
gallons of diesel fuel, the base can meet its minimum

critical operating requirements for 4.5 days.

Discussion of Results

The results of the analyses are summarized in

Table 1.
TABLE 1
SUMMARY OF RESULTS
Fuel T

Total # of # of Generators Available max
AIC Generatcrs in Linear Program (Gallons) (Days)
Robins 28 28 101,976 13.45
Hill 47 45 215,712 18.8
McClellan 36 31 122,976 15.8
Tinker 37 22 23,436 5.4
Kelly 38 16 10,290 4.5
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The individual fuel allocations to each generator
can be obtained from the LP600 output products in the
appendices. Using these allocations, expressed in gallons,
and the fuel tank sizes in Appendix A, the number of com-
plete fuel tank refills for each generator can be deter-
mined using the procedure outlined in Chapter II.

The determination of the maximum length of time that
an ALC can operate on emergency power is based on the maxi-
mum total quantity of diesel fuel authorized for storage
at the ALC. This maximum will be reached only on those
occasions when the base has a delivery of diesel fuel from
a commercial supplier. Once a delivery is made, the total
quantity of fuel available for use during an emergency will
decrease each day by an amount apéroximated by the daily
demand rate. Just prior to a new delivery of diesel fuel,
depending upon the diesel fuel inventory reorder point at
each base, the maximum length of time the base can operate
on emergency power will be considerably less than the

optimum values listed in Table 1.
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CHAPTER V

;
!
5
!
!

’ SUMMARY, CONCLUSION, AND RECOMMENDATIONS

i
i

Summary

The uncertainty of the availability of future sup-
plies of petroleum has raised the possibility that a future
electrical power curtailment could be accompanied by a
simultaneous curtailment of petroleum fuel supplies. Dur-
ing such curtailments the ability of the ALCs to accomplish

the essential operations required by a wartime scenario may

———— e a mv e e e .

depend upon the use of emergency back-up generators to pro-
vide electrical power to critical facilities. Using infor-
mation about the back-up generators at each ALC and the

quantities of fuel likely to be available for generator

use during a supply curtailment, this study determined
the maximum length of time each ALC can continue to meet

its minimum critical operating requirements during a com-

plete curtailment of commercially supplied electrical power

and petroleum fuels.

Conclusion
The results of the linear programming analysis of
the information acquired from each ALC indicate that a long-
term curtailment of commercially supplied electrical power

and petroleum fuels may have a significant adverse impact
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on an ALC's ability to meet its critical operating require-
ments during a wartime scenario requiring continuous sup-
port from the ALC. The maximum length of time the ALCs
could operate on emergency power varies from about 4.5

days at Kelly AFB to almost 19 days at Hill AFB.

Whether the results of the analysis are a basis for
concern depends upon the extent to which the underlying
assumptions of this study accurately reflect the situation
as it will actually exist during supply curtailments and
a wartime scenario, and whether the probability of the simul-
taneous occurrence of electrical power and petroleum cur-
tailments and a wartime scenario is great enough to warrant
any economic expenditures necessary to prepare for such an
eventuality. The major assumptions concerning the opera-
tion of the emergency generators during a wartime scenario
were that all generators must function to successfully meet
critical operating requirements and that the generators must
run continuously until restoration of commercial electrical
power. Relaxation of either of these assumptions would
increase somewhat the length of time the installation could
operate on emergency power., At Hill AFB, for example, if
all generators werc operated an average of 16 hours per day
rather than 24, the maximum length of time the installation
could operate on emergency power would increase from about
19 days to 28 days. Likewise, if critical operations could

be maintained without using all the generators currently
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viewed as essential to those operations, the maximum time

the installation could operate on emergency power could also

be increased.

An implicit assumption for this study is that the

emergency power generators will not have access to fuels

specifically allocated for other uses. Since the over-
whelming majority of emergency generators burn a high grade

y
distillate fuel oil, the possibility exists that other

similar petroleum based fuels could be used in an emergency H
to extend the operating time of the generators. The heating

0il used for industrial steam production and facility heat-

e ————— —— . wWa = .

ing at some installations is similar to the distillate fuel

0il used in diesel generatérs, but contains more impurities.

If heating oil could be diverted for use in emergency

generators, the maximum length of time that an installation -

could operate on emergency power would increase an amount

: commensurate with the quantity of fuel diverted.

Another implicit assumption of this study is that

‘ it is generally impractical to remove fuel from the attached

fuel tank of a long-running generator and use it to fuel a
‘ generator with a short running time. Any fuel which could
be removed from generators with extremely large fuel tanks

and used in other generators with smaller tanks would, of

course, increase somewhat the total length of time the sys-
tem of generators could be operated. Optimally reallocating

the total amount of fuel available, including that in the
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individual generator fuel tanks, could increase the length
of time the generators could operate to the upper limit
which is equal to the total amount of fuel available divided
by the sum of the individual fuel consumption rates of all
the generators.

The practical problems associated with optimally
allocating the available fuel supplies to the emergency
generators were not addressed by the LP600 computer analysis.
The computer program assumes that each generator will be
automatically and instantaneously refueled each time its
fuel tank is exhausted, and the appropriate amount of fuel
will be pumped into each tank to guarantee the generator
system will operate the maximum time. In reality, the
refueling of the generators will be constrained by the avail-
ability of fuel trucks and personnel, and the effectiveness
of the refueling schedule. Determining when individual
generators will exhaust their individual fuel tanks and
refueling the generators in a timely manner will be a major
scheduling problem, especially during the accelerated pace
of a wartime scenario. Consequently, the maximum times
determined by the computer analysis may be somewhat longer
than the maximum times the bases could realistically be
expected to operate considering the practical logistics
problems associated with generator refueling.

The possibility of simultaneous curtailments of

electrical power and petroleum fuel supplies and a wartime

52
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scenario may seem rather remote, but preparation for highly
improbable eventualities has become almost a necessity in

a world in which the occurrence of improbable and often
completely unexpected events has become almost routine.
Consequently, adequate preparation for the possible cur-
tailment of electrical power and petroleum fuel supplies

at the Air Logistics Centers is probably a reasonably pru-
dent stragegy, especially in light of the fact that the
ALCs will have an integral role in insuring that American
forces are provided adequate logistical support during

any future armed conflict.

Recommendations

The Air Logistics Centers should remove most of the
uncertainty regarding their ability to meet critical opera-
ting requirements during a curtailment of commercially
supplied electrical power and petroleum fuels by determin-
ing the quantity of fuel required to operate the emergency
generators during the specific wartime scenarios which the
Centers will be required to support, and by maintaining
that quantity of fuel as an emergency stock on the instal-
lation.

To insure that only the minimum amount of fuel
necessary to maintain essential operations is stored on

the installation, each Air Logistics Center should:
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l. Determine the minimum critical operations neces-
sary during specific wartime scemarios and the minimum
facilities required to support those operations.

2. Determine the number of hours per day and the
expected number of days generators supporting the critical
facilities will be required to operate during specific
wartime scenarios.

3. Based upon the generator fuel consumption rate
and the quantity of fuel stored in each generator's attached
fuel tank, determine the quantity of additional fuel
required to operate the emergency generators for the pro-
jected time period.

4, Determine the feasibility of using alternate
fuels, such as heating oil,.in emergency generators for an

extended period of time.

5. Insure that the necessary quantities of primary
or appropriate alternate fuels are maintained as either
separate emergency fuel stocks, or as additional safety

stocks in the standard base fuel supply system.
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ROBINS AFB INPUT PROGRAM

68




10HNS ,R(SL) :,8,16;;,14
15$: IDENT:UP1184, NOTT/NELSON THESIS
20¢:USERID:80A0SISKR?Y

254 :PROGRAN: RLHS

308 :LINITS:10,3%K, ,5K

J5¢ :PRNFL:Hs ,R,R,AF.LIB/LP.PAC
40$:RENOTE:S0,SL
458:DI5C:AA4,A1,10R
504:DISC:AR,A2,10R
59¢:DISC:AC,AT, 10R
604:DISC:AD,A4,10R
654:DISC:AE,AS,10R

708 :DATAIN

7SFILE:ELEC

BO#ss+ RUBINS AFB FUEL PLAN #s22
[RREE 2 3] LEE ¥
90%s+s CONSTRAINT MATRIX s#e:x¢
99ssex ET LTS
100#+ss FUEL QUANTITY CONSTRAINT +eus
10SMATRIX:FUEL(P),S1(P)=1
110:,52(P)=1

115:,53(P)=1

120:,54(P)=1

125:,85(P) =1

130:,56(P)=1

135:,87(P)=1

140:,58(P)=1

145:,59(P)=1

150:,510(P)=1

155:,511(P)=1

140:,512(P)=1

165:,513(P)=1

1702,514(P)=1

175:,515(P)=1

180:,514(P)=t

185:,817(P)=1

190:,518(P)=1

195¢,519(P)=1

200:,520(P)=1

205:,521(P)=1

210:,522(P)=1

213:,823(P)=1

220:,524(P)=1

225:,525¢(P)=1

230:,8246(P)=

235:,827(P)=1

240:,S828(P)=1
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245s¢s+ TINE EQUALITY CONSTRAINTS #:ws:
250MATRIX:T7C1(2),51=.0538

255:,52=-,1961
24042 TC2(2),52=.1941
265:,53=-.0228
270A:7C3(2),53=.0228
275:,54=-,7692
280A:TC4(2),54=.7492
285¢:,55=-.5882

29042 TCS(Z),85=.5882
2953 ,86:=-. 1961
300A:TC642),56=.1961
305:,57=-.7492
3104:TC7(7),57=.7692
315:,68=-.0568
320A:7C8¢(Z),58=.0548
325:,59=-.0625
330A4:TC9(2),59=.0625
335:,610=-.3333
340A:7C10(2),510=,3333
345:,511=-.3333
350A:TC11(2),511=,3333
355:,512=-,1941
3404:TC12(2),512=,1961
345:,513=-,3030
370A:7C13(2),513=,3030
375:,514=-.1961
380A:TC14(2),514=.1941
385:,515=-.08
3904:TC15(2),515=.08
395:,514=-.0526
4004:TC16(2) ,516=.0526
405:,517=-,3030
410A:TC17(2),517=,3030
415:,518=-,1818
420A:TC18(2),518=.1818
425:,519=- 7492
430A:7C19(2),519=.7492
435:,520=-,2222
4404:TC20(2),520=.2222
445:,521=-,0740
450A:TC21(2),521=.0740
455:,522=-,0548
460A:TC22(2),522=.0548
4651,523=-.1136
4704:TC23(2),523=.1134
475:,524=-.1961
480A:TC24(Z),524=.1941
485:,5252-.1961
490A:7C25(2),525=.1941
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495:,526=~.0286
S5004:TC24(2),526=.028%
505:,6527=-,0048
510A:7€27(2),527=.0048
915:,528=-.0571

S20:0%:k0 YT
$25kw% O0BJECTIVE FUNCTION LEL S
53022 EEH T
535&ATRIX:TIHE(FREE),SI=-.00700
540:,52=~-.00700

545:,83=-.00082

550:,54=-,02747

555:,85=-.02101

54803 ,54=-.00700

965:,57=-.02747

570:,88=~.00203

575:,59=~.00223
580:,510=-,01190
585:,511=-,01190
S590:,512=-,00200
395:,513=-,01082
600:,514=-,00700
405:,515=-.0028¢
610:,5146=-.00188
615:,517=-,01082
620:,518=~.00649
625:,819=-,02747
430:,820=-,00794
635:,821=-,00245
640:,522=-,00203
645:,923=-.,00406
450:,524=-,00700
4353:,5825=-,00700
4660:,526=-.00102
465:,827=-.,00017
670:,528=-.00204
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475%: 88 'TEL)
680ss++ RIGHT HAND SIDE VALUES xwax
685%%2% FEIY ]
490ss*xx FUEL QUANTITY CONSTRAINT s=sus#
495RHS:FUEL ,RHSV=101974

700sss+ TIME EQUALITY CONSTRAINTS su*x
705:TC1=-4.775

710:TC2=-21,445

715:TC3=164.94

720:7C4=-104.07

725:7C5=107.87

730:TC6=34.64

735:TC7=- .27.4088

740:7C8=12,2738

745:7C9=1.0417

750:7C10=0

795:TC11=179.4333

760:TC12=-44.4

765:TC13=-102.475

770:TC14=110.975

775:TC15=103.1579
780:TC16=-172.25795
785:TC17=-45.4455

790:7C18=1446.8455
795:TC19=-134.7444
800:7C20=~-37.0371

805:TC21=123.5247
810:7C22=-119,3179

813:7C23=26.2977

820:TC24=0

825:7C35=-14,7393

830:TC24=85.7143

835:TC27=-120

B40END**+

8454 :DATA: 1%

830 :PREPRO

855: TITLE:GENERATOR FUEL ALLOCATION PLAN
860:CONVERT:SOURCE=ELEC/IN,IDENT=GFP
865:SETUP:SOURCE=GFP
870:SET:0BJ=TINE,RHS=RHSV
875:PICTURE

880 :PRINAL

885:0UTPUT

890 :ENDLP

895$ :ENDJOB

900+s4E0F
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t Hill AFB Original Input Program

‘ TOHHS R(J) 2,B,1635.16
i 158 s IDENTsUP1186, MOTT/NELSON THESIS
1 208 :USERID:BOAOSISKRTY
254 :PROGRANSRLHS
i 50%:LINITS210,39K,,5K
. 354 :PRMFL:H¥ R RLAF .LIB/LE.FAC
408 :REMQTE:S0,5L
45$:015C1AR, AT, 10K
; 508:01SC:AB,A2, 10K
; S58:015C:4C,A3, 10R
409:DISC:AD,Ad, 10R
65%:D1SC:AE, RS, 10R

ER—_ St O

708:DATAZIN

ISFILESELEC

0%+ HILL AFB FUEL FLAN s+
85+%%%2 HkEk
F04xx2 CONSTRAINT WATRIX :keas
95s%x# EXETS

100**+% FUEL QUANTITY CONSTRAINT #as
VOSMATRIX:FUEL(F),51(F)=1
1102,§2(P)=1

115: ,§3(P) =1

1202,54(F) =1

1252 ,§5(P) =}

1302,56(P)=1

1352,57(P)=1

1407 ,58(F)=1

145:,59(P)=t
1502,510(F) =1

155,811 (P)=1
180:,512(P)=1
165:,513(P)=1
1702,514(f)=1
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175:,515(P)=1
1802,516(P)=1
185:,517(F)=1
190:,518¢P)=1
1952,519(F)=1

2003 ,520¢F =1
205:,521 (F)=1
210:,822¢F) =1
215:,523(P)=1
2201,824¢F)=1
225:,525¢P)=1
230:,526¢F)=1
235:,527(F)=1

2403 ,528(F)=1
2453,529(F) =1

2502 ,530¢F)=1
255:,831(¢F)=1

250 ,532¢F)=1
265:,533(P)=1
270:,534¢P)=1
275:,535(P)=1
2801,536¢(F)=1
285:,537(P)=1
290:,538¢P)=1
295:2,539(F)1=1
300:,540(F)=1
305:,541(F)=1
310:,542(F)=1
315:,543(P)=1
320:,544(F)=1
325:,545(P)=1
330:,548(P)=1
335:,547¢P)=1
340%%ks TINE EQUALITY CONSTRAINTS #sdx
J45MATRIX:TC1(2),51=.0357
350:,52=-.1134
355A:TC2(2),52=.1134
360:,53=-.08
365A:TC3¢2),53=.08
3702,54=-.303
375A:TCA(2),54=.303
380:,55=-.303
385A:TC5¢(2),55=.303
390z,56=-.1961 ‘
39542 TC8(2),56=.1961
400:,57=-.303
405A:1C7¢2),57=.303
410:,58=-.25
415A:TC8(2),58=.25
420:,59=-.25
425A:TC9(2),59=.25
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430:.S1U=*.HJ6
4an:rcro<z;.s1o=.11so
4905112 194,

454 l(.‘Hl';').Sll:.f‘)o‘l
15025122 9404
455n:rcz:r1).swz=.04oa
460,512~ 1539
465a:rc13(1).s13=.1538
4202.514=-, 303

7R 1C14(2) 57142 303
480,515 1535
4B5A:1C15(2) 5152, 393
49025182, 303
4959:TCIé(Z),SId=.30J
5002,517=-, 74
505A:TC17(Z),817=.0741
S10:,518=~_4
S15R:IC18(2) 518+,
SU01,S192= 031
SALICI9(2) 5192, 031 5
330:,520=- 1134
535A:!C£0(Z),S20=.!136
S901,821=- 0,741

TSR IC21(2) 5212, 0q
350:,5225- 4
SUSAITC22(2) 52024
9002,523=- 0435
5asn:rc23(z),923=.o435
370:,524=~ 9284
575A:TC24(Z),SQ4=.0286
580:,825=-~.0345
595@:7c25(2>,925=.0345
590:,526=-,1134
5959:TC26<Z),S26=.1136
600:,5272- 303
803A:TC27(2), 527+, 303
610:,528=-, 1539
6159:!528(2),828=.1538
620:,829=~ 1134
625A:1c29(z),sz9=.1136
630:,530=- 1114
6359:7630(2).530=.1111
640:.531=- 1534
645A:T031(2),831=:1538
6502,532=~ 1941
6559:7032(2),8322.1961
8680:,833=- 0741

685A: TC33(2),833=, 0741
670:,534=- 1134
aﬂsa:rcs4(2).ss4=.r1sa
80:,835=-_974;
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S8UA: 35022 ,535=.0.741
0%0:,5307-.3030

0953t TL386(0) W530=2,3030
SO0, 83,0 .3030
JO9ATL3 (D). 537=.3030
S10:,538=-.4

A1 103B(1),538=.4000
2202,5.3Y=-.4

A0 103V, 539=, 4000
F30:.540=-.113s
FISATCIO() (540=.1136
F40:,541=-.0741
TA0ATEAT (D) . 841=.0/41
790:,542=-.0013

J95A: TC42¢(2),542=.Q0313
780:,543=-.0337

J85A: TC43(2),543=.0357
270:,544=-,0123

IS8 TCA4(L) ,544=,0129
780:,545=-.0357
J85A:TCAS (1) . 545=.0457
790:.540=-.0138
F95AeTCA6(2).546=,0136
800:,547=-,05714

BOS*xks tERREE
S10xx%x OBJECTIVE FUNCTION CREEHER
BI19%x%% FXKEEE

8L MATRIN:TINE(FREE),512-.000.78
325:,52=-.00242
§30:,54=~.00170
835,542, 00645
8401,552-.00445
845:,56=-,00417
8501,57=-.00645
855:,58=-.00532
9603:,59=-,00532
865:,510=-.,00242
8702,511=2-,00417
875:,512=-,00087
880:,513=-,00327
885:,514=-,00645
890:,515=-.00327
895:,516=-.00645
9002,517=-,00158
905:,518=-.00851
9102,519=-.00068
9152,520=-,00242
920:,521=-,00158
§25:,522=-,00213
930:,523=-,00093
9353,524=-,00061
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940:,5255-.000/3
949:,526=-,00242

9502,527=-,00645

9455:,528=-.00327

9902 ,5297-.00242

Y85:,530=-.00246

970:,5312-,00327

905:,5323- 00417

“BU1,5332-.00158

§851,5342-.00242

$901,8452-.00158

$U:.6362-.00645

1000:,5372-.00649
1005 ,538=-.00851
10102,539=-.00851
1U15:,540=-.00242
1020:,541=-,00158
1025 ,542=-.00066
1030z ,543=-.00076
10352 ,544=-.00027
1040:,5452-.00076
10452 ,546=-.00033
105Q¢ ,547=-,00122
1095 «ek%

fvo0*xxx RIGHT HANL SIDE VALUES

1065%%%s

1070¢++% FUEL QUANTITY CONSTRAINT
1075RHS:FUEL ,RHSV=215712
1080%:#%:x TIME EQUALITY CONSTRAINTS ##ss

1085:7C1=81.1688
1090:TC2=-10.4543
1093:TC3=-8.4348
1700: TC4=136.34836
1105:7C€3=-111.40382
1110:TC85-24.9554
1115:TE7=98.4848
1120:7C8=0
T125:7C9=147.027
1130:TC10=2103.8097

1139 IC11=-193.83735

11402 7C12=141.6013
1145:TC13=-78.0886
11502 1C14=-84.9884
11553 TC15=140.746

11605 TC16=-58.1818
1165:7C17=-82.7334
1170:TC182560.8286

1175:7C19=-332.7922
T180:TC20=-240.6344

1185:7C21=42
1190:7C22=36.9565
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1195:1023=427,3292
1200:7C24=-445.3202
1205:TC25=44.6709
1210:TC26=37 .8788
1215:T627=10.0233
1220:7C28=77.0979
1225:TC29=-183.0808
1230:TC30=105.9829
1235:7C31=-153.1071
1240:TC32=-.3944
1245:7C33=.088
1250:TC34=-.088
1255:7(C39=~.2289
1260:1C34=0

i 1245: {C37=.347

1270:7C38=0

12753 TC39=-,275
1280:T7C40=-.088
1283:T7C41=111.,963
129Q:7C42=0

1295:TC43=0

1300:7C44=0

1305:TC45=Q

1310:7C46=-120

131GEND %

13208 :DATAI*

1323 :PREFRU

1430 TITLE:GENERATOR FUEL ALLUCATION PLAN
i 1335:CONVERT:SOURCE=ELEC/IN, IDENT=GFF
i 1340:SETUF:SOURCE=GFP
1345:SET:0BJ=TINE,RHS=RHSV
1350:PICTURE

1355 :PRINAL

13460:0UTPUT

1353 :ENDILP

1370$ :ENDJOB

13754 EQF

e

e
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Hill AFB Adjusted Input Program

10088 R(SL) :,8,1633,16
15$:IDENT:UP1186, NOTT/NELSON THESIS 4
20$:USERID:B0A05ISKR79

25% :PROGRAN sRLHS
308:LINITS:10,39K,,5K

358 :PRMFL:H* ,R,R,AF .LIB/LP .PAC
40$ :RENOTE:S0,SL

458 :D15C2AA,A1,10R

504 :D15C:AB,42,10R
554:D15SC:AC,A3,10R
60$:D15C:AD,A4,10R

4658 :D1SC:AE,AS, 10R

70$:DATA:IN

7SFILESELEC

B0*:¥+ HILL AFB FUEL PLAN *32#
R5%xxx EE 21 N
90*#xxx CONSTRAINT HATRIX #sx
VAEET T 058

100+#8+ FUEL QUANTITY CONSTRAINT #ews
105MATRIX:FUEL(P),S1(P)=1
1102,52(P)=1

115¢2,83(P)=1

84




120,54 (F)=1
125:,55(P)=1

1303,56(F)=1

135:,57(F) =1

140:,58(F)=1

145:,59(P)=1

1502,510¢P)=1
155:,511(P)=1
1602,512¢F)=1
1452 ,513¢P)=1
170:,514(P)=1
175:,515¢P)=1
180:,516(P)=1
185:,817(P)=1
1902,518(P) =1
195:,520(P)=1
200:,521(P)=1
205:,522(P)=1
210:,823(P)=1
215:,825¢P)=1
220:,526(P)=1
225:,527(P)=1
230:,528¢P)=1
235:,529(P)=1
2403 ,530(F)=1
2453z,531(P)=1
250:,532(P)=1
255:,533(F) =1
240:,534(P)=1
265:,535(P)=1
270:,834(P)=1
275:,537(P)=1
280:,538(P)=1
285:,539¢P)=1
290:,540(P)=1
295:,541(P)=1
3003,542(P)=1
305:,543(P)=1
310:,544(P) =1
315:,545¢P)=1
320:,5446¢P)=1
325:,547(P)=1

330++s+ TIME EQUALITY

CONSTRAINTS ##:+%

JISNATRIX:TC1(Z),84=.0357

340:,52=-.11364

JA5A:TC2(2),52=.1134

350:,83=-.08

355A27C3(2),53=.08

340:,54=-.303

J465A2TCA(Z) ,54=.303

3702,552~.303




IR ICS(2),55%. 503
3801 ,.565~.1v41
385A2TC6(2),56%.1941
390:,57=-.303
395A2TC7(2),57=.303
400:,58=-,25
A05A:TCB(2),58=,25
4103,59=-.2%

41542 TC9(2),59=,25
420:,510=-,1134
425A:TC10(2),510=.1134
430:,511=-,1941
430A:TC11(2),511=. 1941
4403,512=-,0408
445A:TC12(2),512=.0408
4503:,513=~,1538
455A3TCI3(2) ,513=.1538
4602,514=-,303
465A:TC14(2),514=.303
470:,515=-,1538
475A3TC15(2),515=.303
4802,514=-,303
485A:TC14(2),516=.303
4901 ,817=~,0741
4934:TC17(2) ,817=.074]
500:,518s-.4
505A:T7C18(2),518=,4
5101,520=-,1134
319A57C20(2),520=.1136
520:,821=-.0741
325A4:TC21¢2),521=,0741
530:,522=-~.1
335A:TC22(2),522=,1

. 5401,523=-,0435

) 345A:TC23(2),523=.0435%

g 550:,525=-,0345

' 355A:7C25(2) ,525=.,0345
560:,524=-.1134
S85A:TC26(2),528=,1134
570:,527=-,303
3754:7027(2),827=.303
580:,528=-,1538 ’
385A:7C29(2),528=.1538
590:,829=~.1134 ~
S95A3TC29¢2),529=.1134
4002,530=-~.1111
605A3TC30(2),830=.1111
610:,531=-,1538
615A3TC31(2),8312,1538
620:,532=-.1941
423A1TC32(2),5322,1941
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6303 ,533=-.0741
63543 TC33(2),533=,0741
040:,534=-,1136
645A: 1C34(2),534=.1136
6501 ,535=~.0741
655A21C35(2),535=.0741
6601 ,536=-.3030
66541 TC34(2) ,536=,3030

. 6702,537=-.3030
675A2TC37(2) ,§37=.3030
680z ,538=~.4
685A37C38(2),538=.4000
690:,539=-.4
695A1TC39(Z) ,539=.4000
700:,540=~.1136
705A:TC40(2) ,540=.1134
7103 ,541=~.0741
71542 TC414(2) ,541=.0741
7202,542=-.0313
725A4:TC42(2),542=.0313
730:,543=-.0357
735A:TC43(2) ,543=.0357
7403 ,544=-,0125
745A:TC44(2),544=.0125
7502 ,545==,0357
75543 TCAS(2), 54520357
7602 ,546=-,0156
76543 TC46(2) ,546=.0156
770:,5472-,05714

7754 %:0% FrTT YY)
780%x+#s  QBJECTIVE FUNCTION SERERSE
785%x42 PTeTTY)

790MATRIX:TINE(FREE),S12-.00076
7951 ,82=-.00242
800:,532-.00170
8052 ,54=-.00645
810z,55=-. 00445
815:,56=-.00417
8203,57=-.00645
825:,58=-,00532
830:,59=2-.00532
835:,510=-,00242
8402 ,511=2~,00417
845: ,5122~,00087 .
2 8502,513=~,00327

. 8553 ,514=~,00645
8603 ,515=2~,00327
865:,516=-,00645
870:,517=~.00158
875:,518=~,00851
8803 ,520=~,00242
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885:,521=-.00158
8903,522=-.00213
8953:,523=-.00093
7001 ,52%=-.00073
9053 ,526=~,00242
9101 ,5272-.00645
915:,528=-.00327
920z,529=-.00242
252,530=-.00234
9303 ,531==.00327
9352 ,532=~.00417
y403,533=-.00158
9453 ,534=~.00242
9501 ,535=-.00158
9553 ,536=-.00645
9402 ,537=-.00645
965z ,538=-.00851
970:,539=-.00851
9751 ,540=~.00242
9803 ,5412~.00158
9853 ,542=-.00044
9901 ,543=-.00074
9953 ,544=-.00027
10003 ,545=-.00074
10052 ,544=-.00033
10102 ,5472~.00122

1015w EKEE
1020%+*32 RIGHT HAND SIDE VALUES ##x#2
1025%%% ETI

1030#%** FUEL QUANTITY CONSTRAINT %%
1035RHS :FUEL ,RHSV=215712 ;
1040++#% TIME EQUALITY CONSTRAINTS a4
1045:7C1=81.1488

10503 TC2=-10.4545

10553 TC3=-8.4848

1060:TC42136.3636

1065:TCS=-111.4082

1070:TC4=-24.9554

10752 TC7=98 . 4848

10802 7C8=0

1085:TC9=147.7273

1090:1C103103,4097

1095:7C11=-193,4375

1100:TC12=141.6013

1105:7C132~78.0886

1110: TC14=-44.9884

11151 TC152140,744

1120:TC16=-58.1818

1125:7C172-82.7334

1130:7£18=228.0344

1135:T0202-246.4364




1140:7C21=42
1145:7€22=236.9565
1150:7C235-17.991
11532 1C25=44.6709
1160:1026=37.8788
1145:TC27=10.0233
1170:7C28=77.0979
117537C29=-183.0808

1180:TC30=105.982%

1185: TC31=~153,1071

1190:TC32=-,3944

1195:7C33=.088

1200:7C34=~.088

1205:TC35=-,2289

1210:TC36=0

1215:7C37=.347

1220:TC38=0

1225:TC39=-.273

1230:740=~,088

1235:TC41=111.963

1240:TC42=0

1245:TC43=0

1250:TC44=0

1255:7C45=0

126Q:TC46=-120Q

124SEND#»»

12708 :DATAS 1+

1273:PREPRO

1280: TITLE:GENERATOR FUEL ALLOCATION PLAN
1285:CONVERT : SOURCE=ELEC/IN, IDENT=GFP
1290:SETUP :SOURCE=GFP

1295:SET:0BJ=TINE ,RHS=RHSV

1300:PICTURE
1305:PRINAL
1310:0UTPUT
1315 :ENDLP

: 13208 :ENDJOB
. 1325:404E0F

-

89




APPENDIX E

HILL AFB SUBOPTIMAL OUTPUT




P cremre uorinjos teurjdoqng--Lp=N ‘SUOTIRIDIT €4V TITH IN3NNND  swEn) st

. (2] e L269€C anvuie Ansoy ludant Anlg »3

. e ¢ 2 . (£ i ] n 4 Si¢ d $ 1 osS ~200862°50t 8 2 *6Sr0r86° 86T o (14 (14

! o ¢ e uel 34 1 e Sé¢ 4 ! 1 1S -coldes’ore ¢ 2 *PLO065°TSE ¥ [ 24 144
*r ° 8 [ 121 14 1] 12g Sve ] ] 1 ves =Luetgucsde ¢ [ 4 *0toCPO°222 € (14 [1)
re * evw it ’e 1 Ave steé 4 ! L] S =CLPELYLev I [ 4 sgsrtincs0Z 2v 2 zr
[ Y] Vit 4y T 14 s2s d ' 1 PPS LIPS LYY P v egseCivc 202 ty 1y
oL * T Yol 4 T Ter LAY Y d L ' LS =CloCsyLivr € v egeeCintL0C Wy [ 13 (14
[ 2 7 3 ve Ly 1 acy 4 %00 L} ) ] S =CLrLeY’ L9y @ [ *SSpLIViLEC 61 (14 (39
*re * 3 " I3 3 Ter $09 [} s 1 CLS =LLvSBLvy L L4 *eshile®(0¢ wt [ 19 ot
13 2L 17 2 v 14 1 i"e s L[] 1 ' vES =10U70vE°Ve9 ¢ < esvintc oyl ¢ 13 13
ot ° iy 4 2 we sée L] ' ‘ PES ~SUICSU 069 . ’ pcisv Pyl 9f ” (14
"y * Ty ] 12 3 Yol Sos L] 1 t 1S *299L%0°0e9 @ [3 *suePIOPUT o [14 ot
| 2 S £ e [ 4 Vet SLe L] s ] 6LS =9f€2e2°L9e s shZurZetorl e (19 (11
21 ¢ 9% L £ hE1Y ste d ¢ ' 4LS e9ffdcetve sp2uricrrl tt £F £t
1?2 ° 9 2 ve [ Iy 1113 < ] 1 ols ~uCfeet Lyvy [ slopdlccorl 2¢ £14 [
[2 2R 1Y 2 s Ly A et sty L] H L] €IS «pEPuOO° 16 ot eLzreoL ey (1t 134 1t
ot ¢ 1e [ 4 L L4 e %€ St¢ d ¥ ' LES ~f42095°%2) 1 133 4C80L81°111 ot [ ]+ []4
*e * 1 1 4 " " 1 Vet sfe L] 1 L] $S ~vislecodiy ¢ (43 seSLVLIIIT 62 [ Y4 [T
Ly . 4 ve £ e E1 4] d ] 1 YES (999 sttt [ 49 sgCotoiicdo €2 02 | I
[T 1] [ Ve ¢ s Sy ’ ] t YIS ef¢9%ueteld (3] soretericeg (2 e L2
ve * 9 4 "” [ 11 1 2 49 d ! t 825 ~ysdEV yrPt ¢ [ 2] MIATITYI A VAR T L 1) °?
et * 1» 2 113 2 1w $9¢ < 1 s ¥ =cSece (vl [1] 99165 e*ss $¢& i 13 (X3
¢s * 2 L1 st T 1% £1 11 d ' ' ¢S =2tedocgrad 9 (2] wote(*Zs e re v2
2 * ot 2 \ ] [ R I'T) Sue d 1 ! "0WsS =2ritii1912 (3] ehyLVOUL 2y g2 € £ —
s * 9y e ve (43 ) Ve $9¢ 4 ' ! 92S =0rlivoiviz o ot sg2Zilrevccr 22 2 L1 N
72 S ¥ 2 ve 14 9t ¢y d ' H vis =12Luv g2 61 *22y66r L°9C 12 12 12
et * Ix e v £ A1y st t ] £S5 =Lifce’ ot [ X3 *PROEEIVST 02 [ 14 <
[T R ¥ ¢ e ve é AL} t1 2] L] ] t 95 ~tiZre’esre 12 ePLLYNISr Ll 6! (39 (1)
*s * e v [1] 3 e SiL [} ' 1 €¢8 ~C6066°2052 9 e *L9E816< 2N 9) [ 13 ot
ot * 9¢ ) "” 2 AR s8¢ < t ] 98 ~TL0SC°VLQL 1 ¢4 efCosevs®ie ¢ Iy &1
sy * 92 L] v [ 23 T T $s6 d L] ) 19SS ~94926°9Fk¥2 6 [ X3 efeptesstz 9ot [ 2§ ”
" * 12 1 v '3 ) "e stie ¢ 1 ' LES =9L9¢u°0%62 € 1 14 1LBG0960°8L S £ [}
$2 * 9 1 vt $ 12 (17} [} J t L2S ~LLe8L us62 v «£241r606°9) »1 (X} »"
wi * 91 1 1A [ 4 "€ $9¢ d ' s e2S ~ytovLuLec Le slruZasttol €1 £t [ 4
8 91 ] vl £ e S . t t YeS =LreIveeset (1] *ELZONLLoYY 21 [41 2t
0 * v 1 " 2 Tve s€e < 1 [ $2% =l6810°921F [T cyre9lLltey IT 1 3 Tt
'y vy 1 v [ ) ] e V¢ 4 ' t BES L9 ¢tlct & " . *grec9cc®rt ot [} ot
1 * 11 A (A} % e 569 4 : 1 V¢S =1sLéL el 114 *02606L0°1T o [} .
et * 1t 14 v: 1 4 e S8y 4 L] s L1S elSL2i°Cist £13 *4596640°LT @ ] ]
2 n ) v 1 4 et SV 4 ¢ 1 ¥is =21laecotye £t et9rritoerce ¢ [ 3
[ X S 1) § " 2 s I ¢y [ t ! SIS *26£90°G0LC e sgGle600 L] L] ]
(2 2L X ] 3 3. 131 3 it vy ¢ ] ! e1S (fLLs’uuol § (14 996 h2e50°E ¢ 1] [
1 * 9 ] vi 4 Y6 St L] L] t 6S ~wolni*lich LI *gnebvol e » ’ [
ot * 9 1 v £ I I S¢s 4 1 L] »S ~wbluc® b il A4 *gosivntlr ¢ ¢ t 14
L2 SR ] v ¢ " 1 s8¢ L ! t LS ~vslsL yuer 114 *yfculesl -l 2 e e
12 S J 1 v " 4 12 w Seb d L J 1S =of299°gCcr & (1Y p2LP6LL’Y 8 [ 4 ]
wid°y 309 [ %1 ] 13" dA 139 L} 100 » Nl du¥N HULIDIA UNIWNUIND c3NTVA SPUN  SJININ YNOLLIka] WA vil Nl

t T ASHEsSHY ' o INILer80  +plLy6LEL°T 2i3NNS : ! d292uVnse
o -

39vd  1vdildd =He3A BYI4 HULLYINNTIY VINS VULVNINIG [AYZ R { Y2 T+




. .
epgoLe2?
[ 121X 17 ]
eesesee’

.

(11131
.

(1121 TT A
(RXX111]
Soovwe
wodypyey

M2ATRYT A RS L1
*Y9obvcvo SOT
~1el0vevoCet

sfrooyLON LL
YT YITIRS ]
sleceluLv Lt
*LUBOUDLYYY

~20isZoctory
*fevolocy Ly

2LG60P956°9F
*oubduytecy

~2¢HIrOEY N2
~toluvezercect
*2UVESRLY IS

PEVOYEEL" L0
L ZIT AT L 1
*eLVbOGYL’
12T TT S ]
*Pludvvye ey

I TTIYIYEANT ]
cyrevgeLvcet

. teg26e9609°COE
oLLNbLLeL IV
. .

*9L66Lv0r°0d
“fivOrSS° Y
Peteciue

“flovévur°y
(LT 22T AN}
[YYTTARNY ]

s000bLOYN"2TLELR

SHY

INdiN0 elu3a

't

11
sLLe6SLYL IEL

Ly=N ‘sonTej >oels

SANIVA MOV'IS

szt299L2°
pLeCOLY®
P196T6046°
*soLl20629°
0i0LVEDY
L6894’
sr9toreoy”
‘650t LueY”
sZcototoL”
AT IS YA
*9crivore®
sovetotLL”
*9C%09%0V "
(XT12 T '
*Le2Lovte”’
*GLYUVLGE"
319 I T Y4
Y TIES TN
tLIUEIN0E”
\X¥X11121%
[IT 1T R
*0e6LVOYVE
*ieEerRle”
*fveacithe”’
*UveuLiLe”
sossREINL°T
=lscivite®
B I1I 151
“Slwvoiss”
~8s01£291°
“Covrvtreg”
“yLstvsel"
eltZvele*
“vivesete”
sos0LP82°
~ectoreey”
-Le96CeL1"
B1Z11¥3 20
wrLecsl”
“otsvliNt’
=159 ¢2€y*
“ulrrret®
~2LChode
“dsvively
*0st26200
14

ASHaeSHY

® 5 0 46 06060060000 s0 000000

® 6 6 00 4 00 8000000l

g4V TITH

(=99566%589°2¢

£L

© % 6 0 8 0 0 0 o

INTVA-Y

t  Auigs

SisSvee

SiSvee

"

(31147 ]

21007

9SC =LDNNS

MYV NOTAYIOTITY VINS BULVEINIE

P31 0e32 g0
£€ro1 0wl v
¢ra1 o0a3l oy
131 w3l 2»
L TE TR TP R 1
e€3r  0asl 4
$CI1 w3z et
L5314 os3f et
9€31  0wdl ¢
€31 o83l ¢
veaor  ow3dl st
£€31  0a437 ¢
€I 0edl gt
101 ow3Z 2t
031 vedl 1t
6241 ve3T 8¢
¥2I1  0ell 62
Ln uveal e
231 ow3l 42
231 o#3IZ 92
vt vedl g2
291 vedl 2
221 043l g2
Ved Be3Z 22
0231 0231 12
131 Qa3 02
131 083l o}
TAE YO TE A )
s1u1 oe3l (1
132 owd]l 91
(25 THRN T'F YR 3
ttan Va3l 0l
2101 ve3z £t
VoL vesl et
11 ue3dl 1t
31 wvedZ a1
91 tusl e
3t vasl 9
v3l Ladl ¢
SJ1 Ueig v
[ 2] triz s
€1 w3l s
il vaedl ¢
191 ow3i 2
Wng s 1
240t 3 now
E1.1 1]
' dseemvaad
IV I IR T IR T £ ]

92




Lh=N ‘santep yoels €4AY TTTH’

™
o
. . . . *TISSHIREceSE sisvee WL 33
~g0080080°02t *5er9tYYYL” . . 7oL 083l (v
U . suL2eese’ - . : [TE TSN TT VA 1)
SHy 14 - 30VA=Y *atunt InYN nos 34A1 fx nou
: 131001
SANTVA MOV'IS . .
' T ASHUSSHU t t 3MILErE0  +SSHINE LT =10WNI ' 1 ds3vNvNRY

30vd  1NdLING =B¥3A NYTIé HOLLYIO0TIY T3NS HOLVHINIS 0e/9T/98 13 L002D




114100 =By3A

Ly=N ‘SuUOT3IeD0TIV [ond g4V IITH

“0009L000° . ¢ r905CS9° PTING
082000 - . *CBZUP2VO TGS
089L088° - . *96L09T49° 9106
~00899ude" - i e2uetuesiroeot
IS . - . *19266420° 4508
ses2zreue® - . s9v2R6L 0L UTIVS
“ouvluyuo* - M MAZTEIZIVASET R
“pedisSwLO" - * S TS IWAKY T
M IITI AT T - ’ XIS T AR T
~gyear9ue"’ - * ARSI A TARE 32
eevuslve® - . *SEPINZLO°IGOS
I TTTAXIT N - . e9ttochiv yioe
0s0usStoy® - ¢ *6U596260°15V¥S
0034100 - ‘ *Puirceeietodde
[ TTY¥I8 TN - * covrgloog® 129l
XTI M - ¢ slvusSEriE ulve
“Quy¢vieg* - * sf{sleny9dt ot
~0000¢C00" - * e2ryLlboL 12Ut
(LI IR TN - ¢ 32 T3 L AN AT
sselrcue” - * *ELLLULIY LV
e0ocL000" - . SCLYINECO LOUNT
[ TT23 210 Me (1134111 0y . *
susso000° - * *OULLLOGY L2VE
tegc 2oy - . eBlUCEISU ZYYY
HTIT AN T - ¢ V658L962Y LU
~gugcrivy” - ¢ rpolsrSryeudt
-0gsyvyvoe" s6LCZ6000" . ‘
LI ESTT N - * eBeousSILRTLONT
~00ouyst00" . . PL2r0L20°CSHY
2eSYYUIY® - * *PEVLBLSY SUET
~ggucevvn’ . * XL TYY AET SN T34
I 2T 4 * *reuEdLYLTNL
~poNL2Lvo” . . *0b0PSIVO° 926

=po0LVuUR"® .

~owuilvoe’ .
. .
- .
- .
11114201 M . M
(I NS T M . M
RSP yYOL”° . .
~lsksyrvio” . M
“dsveLlep”® - .
secolon’ . .
aeviate - .
2113801502 fy

SNOILVOOTTV Tdnd

t 1 ASkyaSnY

CYUUOPYYOL ¥EEY
CYNSLLVLE 9%y
*6uboBSYY 6691
s1920gLceTC9Et
sto2ucLe2coct
H1L99%iv ot
*Zure2ubuteine
*sevUNBLL 860
votUisivierrl
*fclodlll soLs
spsoCovVL ONLE
e2eBeTLNC WO
INIVA-X

t Inliasrge

MYV NUTAYIOTTY 13RS NULYNINED

ip » .
SisSvee (12
SiISvye s
SiSvys (143
SISvye 41213
SisSvye 1S
S1:vge ¢rsS
SiSvae [14]
SISvye s
SISvue LEs
SiSvue L 143
SISvde [ 3¢
SiSvue es
SiISvue £cS
Sisvie [1%3
SISYne s
Sisvue [1%1
SiSvue €2S
Sisvue 9es
Sisvue 25
SiSvne 928
SiSvye 2%
»2s
SiSvee . €es
SISy 228
Sisvye B 12s
Sisvye . 8¢S
[ 121
SiSvee els
SISvue {L1s
SiSvye 91s
SiSviue s\S
SIsvys »IS
SIsvye c1s
SiSvye 21s
SISYue 1231
Sisvue [ 231
SiSvae (13
SiSvue s
Sisvbe (33
Sibvne [ 23
SISvye €S
Sluvye [ 23
SiSvuye [ %]
SISvue a5
Si1Svhe 1s

*dluni NKNT0D

I EITTEY ‘ J03exaudn
2659006°05E »IINNS H

S04 €
s$N1d 20
sSnié s
$N1e 8
Sn1d (1)
Suld 89
Snile L9
SA4 99
SnVd S8
S04 [ X ]
Snig €8
sSn1d 2w
Snd 19
Silga a9
Shila et
sSnid 8L
Suwd (¢
Snid 94
SHld st
Snld re
Snle £«
sSnld UL
Suld UL
Suld oL
Sni1d 69
SN 8y
Suld (9
SHld 99
Sula  s9
Snid ve
sSuvd e
S$hd 29
SW1éd 19
Shla 09
Snid (1
sSnid 0
$SN1e (s
sald 9s
Snid S
Snld ve
Sula f¢
Snle 2%
Snla 18
IR I 1
Suile e
3441 ¥ Y02
Shaft Ul
d40=nViue
18 19222

/08

94




Ly=N ‘SuoTiedolIV [ond €dY¥ TTTH

. . ~9EE0995L°50T . . ASHE  SHE 96
-00022100° . . ezliguvS CLLL sisvae LvS  SNl4 Se
-se0ccene”’ . . sLELANYOIZONEDOR Sisvae 9¢S  SN1d  »e
31v35¢i509 ra - INTIVASX *atam1 MY NHNY0D 34a1 r¥ W03

.
19n81s # IojeIoULn

SNOIIVYOOTIV Tand SNWN103

j ' I ASHUSSHY 1 1 3HI1erB0 +SEPPRE NSE SIINNY 1 v dd8aMTNNS
3074 1NdLN0 =QUIA ' NYY4 NOTAYIUTIIY T3NS HOLVHINIO e8/v1/v8 e trp2d

L]
N L]
L . .
1] . .

95




i St AT € S A
o Y

o - —— e e o

APPENDIX F

HILL AFB OPTIMAL OUTPUT

96




. . - M -
. : .
f
Sh=N ‘suoTiexs3l gdv TIIH NOILNTOS TVWIL4O
(3 (Y2114 iN3gend  Ikeng st
" sytst L4259C UNvYu3Q ANEOQ 1d3aM1 anfv ot
'y ¢ S vet 114 1] " d SLS 4 ' 1 LIS =goe9oceoc* ¢ so0Zlgtooce S £ 14 114
te *° 89 wh 114 1 ne 1 S44% ¢ 1 1] 1S -ghedutslt 3 sy N2y Lyl ) 144 »»
ty * wy [1)] (13 I " Z Ss9 < [} ' ¥2s =go0tor0tes b ] wp29Ltse LIz 147 (14
£s * v st [ 14 t 102 1 sce 4 ' 1} 0¢S =v2loodv el 2 sorUPovligl 20 [14 (1)
[T ] ] art 1 1] 13 we 1 st L] ) k] LS ~ylvoerd’se ¢ 1 4 *PouLbL 22T Lo 117 1 14
ey ° &% [ 13} [14 T Tog i sve L] [} t 99S ~20uivseccet T [4 socylar ol uy " L 3
te * »o et ] 13 e YY) d L] 1 $»S -lollireriz 1} s *6Le122°02T L [ 1% (194
v *° ey vet % t R 113 T sey e 1} 1 A2 3R T AR R A T2 ] [ eeLele6¢y gk (14 ve
' ¢y * 9 | ve [1) § 2, 1 s¢e < 1 i €eS ~totiiccriz s [ egLeteece2l e Hh 1%
s * W 2 " *» ] 1, Z S5%¢ d t 1 <rS ~16tlicplc 9 $ 4eillce0et 9¢C ”°t ot
[ 3 2N 11 2 \ 13 (13 1} ey 159 ¢ ] 3 20S ~tetlirerei2 ¢ [ ITTA S Tad YA SN [13 [13
Ly * L9 e ve 11 3 e 1 529 4 : ' LS *yeveonr 9P 9 *8ulove Sul PL " of
LT 1 [ 3 ve z e 1 sve < ' ! LS ~B02ZiIN"LEN R ] eRvicyrreal ¢ (44 (33
%% ° 9y € v 3 h131 1 s9s é ' ! OIS =-900839°L50 @ v slerSrosel 2¢ ¢ 2t
X L S £ 2 " ’ e i sty ¢ ' ! 6£s =yorrzz°trs . egLgscir gy Ig 1e {7
on * 1e e " £ n"ne 1 set d t t 45 =0dllez trs [} LLgusur s Bg L 34 e
[ 7 2 ¥ e " 4 et ists L] ! ' 3 ~ctiliev’lrs (2] s6vi6lui®LE o2 (X3 2
ot * 1% e v (1) T we 1 set d 1 H ¥ei ~guSuving T 134 sontonnt®2y ve (13 X3
L2 L 1 2 ve y e s < ! : £2S ~yuslev oue 2t LY LI A8 T ¥ (1] t2
(S SR ] [4 e t L/ SKe 4 1 ] 95 «900vur°Sgw £t solLRBus" 0 92 L 24 v
LR 1 2 ve 2 1% s0¢L 4 ! 4 92S ~5099%2°100 (2} *ToLesyL9r 62 &2 «2
s * 9o e " ”?2 ] 1% H D) 4 1 H CS ~+92730°L8(8 9 st *9LI2arX2P VT e ve ~
e * e v e hid Sl ¢ ' 1 LLS ~ygecr reol 91 *YIsvixi®f B¢ f2Z te -]
L2 G § 4 2 v 1 4 TE sre d s 4 IPS ~0fguirol 9 4} eg2icLcntet 22 e 22
Pt * W e v € RE14 1 suy 4 ! t LS ~efurv’sogl st sobubsILT2Y 12 Y 12
¥e * 9t e 2 ¢ e Z svy ¢ ' Y I IR T AT YA (2} tobULSIL Y ¥ v e
v * 9t 4 ve 02 4 61 1 sey 4. ‘e : IS ~alsuleril 9 1 6sLvCHE Y 68 ot LX)
oy * It 1 L1 4 19t 1599 [} ) [} viy =f2¥tltuvel ¥ sgatcPnstee 61 vt L1 .
sl * 1 \ ve 2 € 56y L] ' ' €S ~Zlpencee2l 12 Lte9v9lELTee L1 '3 oL :
&H * 1t 3 L k4 1 e £ ¥4 L] J ' 9s -21gf2°0cel 6 t 11 elpe9ch®Iz Vi ] v
8y *° 92 ] vl e 16¢ S5 [} 1 1 LS ~26122°290% ti egrLiOrLtes st sl (43
sy ¢ %2 3 (AN 1 h 1] sle 4 J t LPS =26LVP°L9PL & *2 *RLG2YVL"NT ¥ *: [ 2
Iy ¢ 12 1 " T e siL 4 ! $ €€S ~Z6Lvr’LvsSt § $2 LY YYAI 22 AR 4 § [ 93 £3
e *° 9t A ¢ " 14 N $69 4 ] 1 ey =CLOLCI LSt 2 exrg2iltes 21 2l et
[ )} t v e 122 $LY L] t : ¢S =iosr9tfcyd e eCheEITLCST IE 6 T
g * 9t ' vt [} ] Y62 sSve d 1 1 LS =ZoRlGt LYt § LT ETTIS I AR NI ) } (3} [
et ¢ 1y \3 LA $ M2 $9 - 1 t VS =2Lvurcntel (1] *6l00%L8%1) & ® .
72 B ¥ 1 4 L A1 14 A 113 118 ) L'} ] t 418 =2ivvbctool " DI ZTYL MM R AN J L] L]
ve * 18 t vt e i (Y1} < J ! ¥1$ ~pfhrucenie e SLINYIINGT L 3 t
AT IS 3 } 1) 2 % sty < t ' 9ls -¢isif gLe 149 *SGlroui Nty @ L] 1]
[T 4 ] ] v s It $8¢6 . ¢ t ' C1S <4 eonZ ¢ 49 1Yer2ase s ¢ s [
[2 S 1 r 4 Te 5¢S d t 1 65 =vieis*lvs e srengeirte * [ [
U2 S 1 " [ AL S4¢ [} t ' vS ~ulsiscivel ve X ITTTIE AN 2N 4 [ 4 €
[T A 3 vy 4 "W 508 Ll 1 ! Ly =6Lwis 8yl st IFIATITAR 3N 2 2
[ 2% A ' vy [} ¢ e 1 8¢y L] ' t 1S ~vsotb ving 6 oc epltvaiLtL L 1 1
wil'y 1238 1om 127 EPL) 132 [ ] (U] al 3uvn BOL0AA ONINVIAL ¢3NTVA Sron  Sanin Tesvlionng  OnN '3 [FIR]
i ¢ $  ASHeeSMY 1 t Julfsfoo evetvwadl(®l =1IN0Y4 t t diusuthad
Y 3 ) 3ovd  rnlve NYYd NOLAVIUTIY T3NS BulvyINIY e/9t/90 T8 p2sly
i -




Sh=N .mms.mw> }oe1s €4¥ TTTH

eveL2eY . . 9eal 0wl sé
. . QI ITY LY . . s¥31 vwdl vy
. . OIIYAYTIL . . (13- THN T F A
. . eoyrrevel’ . . €v31  vadl 2y
. . suELsunlIe” * : cvol  owal tr
*rgoe6290°11L serevesr2” . ° 1oL vudl 9
1) cnscLvrve” . . ov21  os3l et
] ezvis2vee” . ’ (IS TRE TT a1+
. 69vsLNTC" . . et vadl ee
7 ssEl2atec” . .. eo1 vesl 9
. svulivrug® . . 9521 0edl Sk
w ' -0 *0UD25891° . * [ 1T I TRV ¢
=00 cOPLWLLPN® . * PEL O3l AE
I NI . . . seJ1 oa3al 2
cussorreL® custiver’ . . 2ea1 6wl s
“rrlvigitegel csruirErL® . . . 1621 vedl ¢
b *9v6euZvo 50t sZifvelsy” . * [T+ TR TS TR
LAY TITIRS 3 1T . y 0228 vadl W2
*Ero0ULO0LL eLvogOLNL” . * (Y2 T TT YR
*t6062Ll8° 08 I T . N 231 vadl 92
elosoluch Lt sLerrleny” . . v231 o83l <2
elvbovULI Y *0vovvive’ . * 2l Veldl v
YR ITI P RNA srvvuece’ . . a1 043l €2
s1506vv50°9E suncrevl® . * Zedt wesl 22
- *vgOVIVIO2Y *slviuoyl® . . 122 TR T3 Y S
~z2oor9cy 90 sSLOPLVYL” . . : 8201 ow3l 2 -4
YT XIS ALY 2 sLLs09001" . . [N TRENTE S Y} o
~rEAvPEEL 2R IINTY . ° 13y na3l e
-9gduulvi‘us eryrrotue’ . ’ yial na3l 2t
¥ T TN IS sLTPVSSYe” . . slut vesd 9
“orourUve ey sGULLYLL” . * AT vest sl .
AL TI T IY ¥ ewslzcior’ . . TR TRV
I PZYTATI AR 12 s5¢ouiovy” . * 2131 vedL 1
~9L00559°C6t sFIv2isen” ¢ . (SFT R TT Y R 1
*52669c09°£08 I TN . . vids owdl V1
X TS ITTRILS v LsPSEEYN® . . sut  Uedl el
. . TIITLIN . N I uadl s
sULOOLYUY Vo etuytorese’ . ° (¥} eIl
AL I TTY A ¥ sretiryge” . * vl vedl ¢
Y ~9¢uvZuurtitt c99VLLLeN® . ° sl oe3l ¢
1 *lioowrsttysl sUEPCPYOL’ . ’ +31 vedl s
I TITTAY ~6us28000° . . ol vezl o
~90005950°08 IYTIT TN . . ¢ vedl
ITYYITIRAY | TSI . : 13t owd} 2
cONNNONIN 2TLETR *ousories” . ¢ IiIng S0e 1
SHg 1 INIVA=Y *atam Invn now EPYY RN g BT 1)
. ALEITTY
SINTIVA JONIS snun
‘ s 1 ASHYSSHY ] L= rE0  <9821C1°9CC ®LoNny H 1 FYITUIPT Y] -
(11 30vd  ANdIND s883A NYId NOIAYI0NTY VINS duLvEINIO




Sh=N ‘SuoT3edO0[TV Tond €4V TTTH

*vB2L0200°CO28 Sisvye (341 Shie s
. * ePOPRTIIZLLETL $iSvee [ 12 ] Shie g
. . eloLNVLLY 906 SisSvie (121 Shid ey
. . sLUvSCIvE L1902 SISV (221 SHid o9
. . eeruTATLILouS [ 441 Shle (L0
. . AV AYE IE AN IT 12 (1434 Shid 9¢
X . . *SLILZO0PO2Y “"ws SiHle <6
. . *YYILILve sund SiISvde [ 12 ] Sn1d e
. . slourCtincestt SISvNe s Sile £0
. . strosfrilecostt Sisve ucs Snuid 2y
. . *9ubb2ote’itsl SISVue [1%] $hle 1y
. . sloviCaletegt SiSYne ”"s Shid 0%
uutee” . * AT 12V ARY F1) Sisvuye (131 SHid el
suZreve’ - . *hbot9Lctrnet S1%Vue S Sule 9y
vousloe’ ¢ . CICUIYIVE N VLY SIsvye €LS  Snle £¢
(173331 M * M MANATRE 1S AN 14 Sisvys LS Snla ¢
-o08cten’ . . eliLelCLr w02 SiSene 153 SHle o4
=0099ceen”® - . srUvEGIaT oYL SISVee - «s SNé v
“~088clr200° - . sfoveluiorgne Sisvue [ Y33 ALRT BN ¥
LI YZ T By - . I T X IYI A 2T T Sisvage . (133 Swid ¢t
degryue® - . AL INETIS AN YT )] SiSvhe Les sule ¢
- . (221814 TN AR XYY Sisvue R %S Snld o2
- . *9voveNLL IRYIY Sisvue R 117 Snuld o9
s . R YYITI IR XYY €¢s S #9
. - . Y T T YIRS Y TS €S Surd ¢y b
- . . $0LLTLINS° 1929 12s SRYe 99
T . s0CYEEEC2 ETed ©2S  Snie &9
- ‘e sLovviorreyint Sisvye eLs Shie 9
- . sulvoc2Ziecvoud SISYNe s snld £y
- . sdLLebLCU OO Y Sisvae 91\ W 2y
- . +9sv90LrC ool Siyvee (X3 2 11h PR { ] N
- . sleovllrEcICy Sisvee s Snld ey
- ¢ sPEVEIZVOCecS Sicvye cis SA1d  ag
- . PRCSCRILI ¢SS Slsvne 218 SR ng
- . oPVITLEr LG Sisvhe ts SV (¢
- . *991sg1°LALT Sisvye s Snid  9¢
S IITIXTI I M . . srYZI20vN V21N Sicvue [ snid  ty
~0ublfoye® . . evyeterie g2t Sisvue vs Snld ey
- . IV AT} Sisvye '3 SHid €8
- . o (24 MAT]} Sisvye s Sitid 2 .

werone” . . X322 131 RETT] Sisvye (1] LA LI 13
srene’ - ¢ elutrecivcog2y Sisvye »s $Nle g
vitee* - * *CLEPTLUD 2590 Sisvae [ 33 SH1d oo
s2rzee’ . . DAYA T T AN TEY $15Vhe (1 SHid  uv
o Leee” - . A FESNI T AT T4 4 SiSvae (31 SH1e  Lv

3NNISels0D re Jnea=x *dtutal Iy NuNIDD Jaat vy WJI

LTIV EY # I03ea2UH

SNOILVOOTIV TiANd SHwn 103

' 1 AShuesHN ' 1 SWILera0  ¢982TCT YEIC sfINNY i ] divrnTnad

2 3I9V4  i1NdING muuIA WYY ALILYIONTY 3INJ Bulvidwdo 80/9%/%8 %9 el




APPENDIX G

McCLELLAN AFB INPUT PROGRAMS




McClellan AFB Adjusted Input Program

1080S,R(SL) 2,8,165:,14 ;
1581 IDENT:UP1186, NOTT/NELSON THESIS Rt
208 :USERID:BOAOSISKRY9
254 :PROGRAN:RLHS
308:LINITS:10,39K,,5K
3S$sPRNFLsH#,R,R,AF.LIB/LP.PAC
40$sRENOTE:S0,5L
45$3D1SC:AA,AT,10R
50$:D1SC:AB,A2,10R ;
55$:D1SC:AC,A3,10R
60$:DISC:AD,A4,10R
45%:D1SC:AE,AS, 10R
70$:DATA:IN
7SFILE:ELEC ;
80#s+2 MCCLELLAN AFB FUEL PLAN ##%4 ]
85%8s2 2E8%
90ss2s CONSTRAINT NATRIX #sas
9585 2T 1]
10080+ FUEL QUANTITY CONSTRAINT #saa
10SMATRIXFUEL(P),52(P)=1 )
110:,53(P)=1 {
115:,54(P)=1 :
1202,55(P) =1 :
125:,84(P) =1 3
1302,510¢(P)=1 ]
135:,511(P) =1 1
140:,512(P)=1 A
145:,513(P)=1 i
1502,514¢(P)=1 }
155:,515(P)=1 |
1860:,514(P)=1 2
145:,818¢(P)=1 .
1703,519¢P)=1
175:,520(P) =1 &
1802,521(P)=1 =
1853:,522(P)=1
190:,523(P)=1
: 1953:,524(P)=1
200:,525(P)=1
. 205:,524(P)=1
210:,527(P)=1
215:,528(P)=1
220:,529(P)=1 -
225:,530(P) =1
[ . 230:,531(P) =1
235:,532(P) =1
240:,833(P)=t
245: ,534(P)=1
250:,535(P)=1
255:,534(P)a1




240sx33 TINE EQUALITY CONSTRAINTS #sss

J8SMATRIX:TC2(Z),52=,0741 -
270:,83=-.0357

2754:7C3(2),53=.0357

280:,54=-.3030

285A:TC4(2),54=.3030

290:,55=-.4

295A:TC5(7),59=.4000

300:,56=-.0074

J05A:TCA(2),56=.0074

310:,510=-.4

J15A:TC10(2),510=.4000

J20:,511=-,0548

J25A4:TC11(2),511=,05468

330:,512=-.1941

J3I5A:TC12(2),512=.1941

J40:,513=-.3030

J4SA:TC13(2),513=.3030

350:,514=~-.4

I35A:TC14(2),514=,4000

360:,515=-,1941

J45A:TC15(2),519=.1961

370:,514=-.0980

J7?75A:TC146(2),516=.0980

380:,518=-.1941

385A:TC18(2),518=,1941

390:,519=-.1134

J95A:TC19(2),519=,1136

400:,520=-.1941

405A:T€20(2),520=.1961

410:,521=-.1134

A15A:TC21(2),521=.1134

420:,5822=-.0741

425A27€22(2),522=,0741

430:,523=-.1134

433A:TC23(2),523=.1134

440:,524=-.1961

445A:TC24(2) ,524=,1941

430:,825=-.1134

4335A4:7C25(2),528=,1134 =
4601,526=~-.0741 i
445A:TC246(2) ,5246=.0741
470:,527=-.3030 .
473A:7C27(2) ,527=,3030 |
480:,528=~.1941 -
485A:TC28(2),528s,19461
490:,529=-.1941
4954:7C29(2),529=.1961
500:,530=-.1134
505A:T€30(2),530=.1136
510:,831=-.0741
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S15A:TC31(2),531=.0741
520:,5322-.1941

5254: TC32(2),532=.1961
530:,533=-.1961
5354:7C33(2),533=.1941
540:,534=-.1134
545A:TC34(2),534=.1134
550:,535=-.0125
5554:7€35(2),535=.0125
S40:,536=-.1905

545%:%%

570sss+  OBJECTIVE FUNCTION
85758528

S8OMATRIX: TINE(FREE),52=-.00206
585:,53=-.00099
590:,54=-.00842
595:,552-.01111

4001 ,56=-.000206
405:,510==.01111
610:,511=-.00158

6151 ,512=2~.00545

6203 ,513=-.00842
425:,5142=-.01111
6301,515=-.00545
635:,5142-.00272
640:,518=-.00546
645:,5192-.00314

4502 ,520=~.00545
455:,521=-.00314

6603 ,522=-.0020¢
4653,523=~.00314

6703 ,524=-.00545
6753,525=~.00314
480:,526=-.00206
485:,527=-.00842
4903,528=-.00545
6951,529=-.00545
700:,530=-,00314
705:,531=-.00216
710:,532=~.00545
715:,533=-.00545
720:,534=-.00314
725:,535=~.00035 .
7301,836=-.00529
7355842

740ss¢s  RIGHT HAND SIDE VALUES
745822

750e#¢+  FUEL QUANTITY CONSTRAINT
755RHS s FUEL ,RHSV=122976
760¢23%.  TINE EQUALITY CONSTRAINTS
765:702=-38.3598
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770:7C3=29.4372
773:TC4=34.8485
780:TC95=48,1481
785:TC4=-48. 1481
790:7TC10=184.0909
795:TC11=-27%.46595

800:TC12=-,5526

805:7C13=,5212

810:TC14=,0314

815:TC15=236.4447

820:TC16=~236.5444

825:TC18=54.0640

830:T7C19=2-33.0882

835:7C20=-21.4573

840:7C21=-.0284

845:TC22=.0286

850:7C23=13.5028

855:T7C24=~-13.5028

840:TC25=-.0284

8485:TC24=-.0471

870:TC27=2.5524

875:1C28=0

880:TC29=~.4749

885:T7C30=-.0289

890:7C31=.5055

895:TC32=0

900:TC33=-,.4749

905:TC34=112.0455

9101 TCIS=-120

91SEND#s»

9204 :DATA: 1+

925:PREPRO

930: TITLE:GENERATOR FUEL ALLOCATION PLAM
935:CONVERT :SOURCE=ELEC/IN,IDENT=GFP
940:SETUP : SOURCE=GFP

945:SET10BJ=TINE ,RHS=RHSV

950:PICTURE
955 :PRINAL
940:0UTPUT
943 1ENDLP
970%:ENDJOB
9754»4E0F
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McClellan AFB Original Input Program

108HSR(J) :,8,1655.16

158 IDENT:UP1188, MOTT/NELSON THESIS
20$:USERID:80A0533KR79

25§ :PRUGRANRLHS
J03:LINITS5:21Q,39K,, 3K

359 sPRMFL:H* K K. AF.LIB/LP.PAC
40$:REMOTE:S0,5L

454 :D1SC:AR,A1, 10K
509:D18C:AB,A2,10R
598:DISC:AC,A3,10R
60%:DISC:AD,A4,10R
65%:DISCAE,AS,10R

708 :DATALIN

7SFILESELEC

80+e++ NCCLELLAN AFB FUEL PLAN ##%:#
85s%%x PFT Y
F0+s%% CONSTRAINT MATRIX #e:s
?5%k%% EPT
100+«xx FUEL QUANTITY CONSTRAINT #w%
TOSMATRIXFUEL(F),S1(PI=1
110:,82¢P)=1

115:,83¢(P)=1

120:,54(P)=1

125:,585(P)=t

130:,56(P)=1

135:,87(P)=1

140:,598(P)=1

145:,59(P)=1

150:,510(P)=1

199:,811(P)=1

1602,512¢(F)=1

165:5,513¢(P) =1

170:,514(P)=1

175:,515(P)=1

180:,516(P)=1

185:,817(¢F)=1

190:,518(F)=1

195:,519¢(P)=1

200:,520¢P)=1 .
205:,821(F) =t

210:,522(P)=1

215:,523¢P)=1

220:,524(P)=1
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225:,525(P)=1
230:,526(P)=1
2351,527(P)=1
2402,528(P)=1
245:,529(F)=1
2502,830(F)=1
255:,531 (P)=1
2602,532(P)=1
265:,533(F)=1
270:,534(P)=)
2751,835(P)=1
280:,534(F)=1

285%4s% (INE EQUALITY CONSTRAINTS ##++
290MATRIXSTC1(2),51=,0408

295:,52=-.0741
300A:TC2(2),52=.0741
305:,53=-.0357
310A:TC3(2),53=.0357
315:,54=-.3030

32043 TCA(Z),54=.3030
325:,55=-.4
3304:7C5(2),55=.4000
335:,56=-.0074
340A3TC6(2),56=.0074
345:,57=-.0069
3508:TC7¢(2),57=.0069
3551,58=-.0060
360A:TC8(2),58=.0060
3652,59=-.1941
370A:TC9(2),59=. 1961
375:,510=-.4
380A:TC10(2),510=.4000
385:,511=-.0568

39042 TC11(2),511=.0568
395:,5123-.1961
400A:TC12¢2),512=. 1961
405:,513=-.3030
410A:7C13(2),513=.3030
415:,5143-.4
420A:7C14(2),514=.4000
425:,5155-.1961
430A:7C15(2),515=.1961
435:,514=-.0980
440A:TC16(2),516=.0980
445:,5173-.7692

45043 TC17(2),5172.7692
453:,5185-.1961
A40A3TC18(2),518=.1961
465:,5192-.1134
470A3TC19(2),519=.1136
4751,520=-.1941

i

ke T

i s i
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480A/:21C20(2) ,520=.1961
485:.521=-,1134
A90A:1L21(2),821=.1136
495:,822=-.0741
900A:TE22(2),822=.0741
505:,523=-.,1134
910A:TC23(2),823=.11364
915:,524=-,1961
20A:TC24(2),524=.1%61
529:,929=-,113¢4
530A:TC25(2),825=.11364
935:,526=-.0741
940R:TC28(2),526=.0741
545:,527=-.3030
950A:1827(2),827=.3Q30
959:,528=-.1941
3404 TL28(2) ,528=.1981
563:,329=-,1961
370A2TC2912),529=.1961
979:,830=-,1134
580A:7630(2),530=.1136
985:,831=~-.0741 .
390A:TC31{(2),531=.0741
599:,832=-.1961
400A4:TC32(Z) ,532=.1961
605:,533=-.1961
610A:TC33(2),533=.1961
619:,834=-,1134
620Aa:TC34(2),534=.1136
625:,5835=-.012%
430A:TC35(2),535=.0125
$35:,536=~-.1905
640508

645%x2+ QOBJECTIVE FUNCTION

46502x2%

435MATRIX:TIME(FREE),51=-.00113

6602,522~.00206
6652 ,53=-.00099
6701,54=~,00842
6752,552-.01111
680:,56=~,000206
685:,57=-.000192
4902 ,58=-.000167 .
695:,59=~.00545
700:,510=-,01111
705:,511=-,00158
710:,512=-.00545
715:,513=-.00842
7201,514=-,01111
725:,515=-.00545
730:,5142-.00272
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7358,517=-.02137 :
740:1,518=-.00544

7451,519=-.00316

7503 ,520=-.00545

/55:,521=-.00316 3
760,5227-.00206 {
7651,523=-.00316

7701 ,524== 00545

7752,5257-.00314

780¢,526=-.00206

785:,5272-.00842

790%,528=-.00545 .
7951 ,829=-.00545 :
800,530=-.00316 !
805:,531=-.00216

810:,532=-.00545

R

e

j 815:,533=-.00545
820:,534=-.0031¢ ;
825:,535=-.00035 .
830:,536=-.00529 ?
835+ %4 'PTE ] :
* | 840%+¢+  RIGHT HAND SIDE VALUES ks ,
BAG*#x4 ek

g50%x#*  FUEL QUANTITY CONSTRAINI KR |
855KHS :FUEL ,RHSY=122974 H
8604+  TINE EQUALITY CONSTRAINTS s
865:TC1=-252, 4565

870:7C2=-38.3598

875:103=29.4372

8802 7C4=34.8485

885:TC5=48.1481

890:TC6=196.679%

895:1C7=106.9796 ~
900:TC8=38.3889

905:TC9=-390.1961 '
910:TC10=144.0909 '
915:TC11=-275.6595 $
920:7TC12=-.5526
925:1C13=.5212
930:TC14=.0314
935:TC15=236.4667
940:TC16=139.5174
945:7C17=-376.1840
: 950:TC18=54.0650

” 955:TC19=-33.0882

: 940:TC20=-21.4573
965:TC21=~.0284
970:1C22=.0284
975:1C23=13.5028
980:TC24=-13.5028
985:7025=-.0286

pras———
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¥90:7C26=-.0471
995:TC27=.532%

1000:7€£28=0
1005:TC29=-.4/69

1010 TC30=-.0289

1015: 1€31=.5053
1020:1€32=0
1029:7C33=-.4749
1030:TC34=112.0433
1035:1C35=-120

1040EnD*%

10455 1 UATAST*

1050 :FREPRO

1055: TITLESGENERATOR FUEL ALLOCATION PLAN
1060 :CONVERT s SOURCE=ELEC/IN. IDENT=GFP
1069:SETUP s SOURCE=GFP
1070:SET:0BJ=TINE . RHS=RHSY
1075:PICTURE

1080 :PRIMAL

1085:0UTPUT

109Q:ENDLF

10958 :ENDJOB

1100%%EQF
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APPENDIX J

TINKER AFB INPUT PROGRAMS




Tinker AFB Original Input Program

1008S,R(SL) 3,8,16;;,16
- 20831 IDENT:UP1186, NOTT/NELSON THESIS
308 :USERID:B0A0SISKRY9
40$ :PROGRAN:RLHS
S0$:LINITS:10,39K,5K
608 :PRAFL :H#* ,R,R,AF .LIB/LP.PAC
708 :RENOTE:S0,SL
80$:DISC:AA,A1,10R
90$:DISC:AB,A2,10R
100$:DISC:AC,A3, 10R
1108 :DISC:AD,A4,10R
1204:DISC:AE,AS, 10R
1308 :DATAIN
140F ILE:ELEC
1508843 TINKER AFB FUEL PLAN
155888
160ssss  CONSTRAINT MATRIX
1658822
170sss#s  FUEL QUANTITY CONSTRAINT
180MATRIX:FUEL(P),51(P)=1
185:,52(P) =1
190:,53(P)=1
195:,54(P)=1
200:,55(P) =1
205:,56(P)=1
210:,57(P) =1
2152,58(P)=1
220:,59(P)=1
225:,510(P) =1
2302,511(P)=1
235:,512(P) =1
240:,513(P)=1
245:,514(P)=1
2502,515(P)=1
255:,516(P)=1
260:,517(P)=1
245:,518(P)=1
270:,519(P) =1
275:,520(P)=1
280:,821(P)=1
285:,822(P)=1
290:,523(P)=1 .
2951,524(P)=1
300:,825(P)=1
305:,826(P) =1
3101,527(P) =1
3151,528(P) =1
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3201,529(P) =1
325:,530(P)=1
330:,531(P)=1
335:,532(P)=1
340:,533(P)=1
345:,534(P)=1
3502,535(P)=1
355:,536(P) =1
360:,537(P)=1

430:03:43 TIME EQUALITY CONSTRAINTS
AISHATRIX:2TC1(2),51=.0074%

440:,52=-.0357
445A:7C2(2),52=,0357
450:,53=-,303
4554:7C3(2),53=.303
440:,54=-.5882
445A:TC4(2),54=.5882
470:,85=-.3333
4754:7C5(2),55=.3333
480:,56=-.7692
485A:TC6(2),56=.7692
490:,57=-.1941
4954:TC7(2),57=.1941
500:,58=~.1136
510A:7C8(2),58=.1134
515:,59=-.5882
520A:TC9(Z),59=.5882
525:,510=-.0568
530A4:TC10(2),510=.0548
535:,511=-.11344
540A:TC11(2),511=.11364
545:,512=-,11364
$504:7C12(2),512=.11344
$55:,513=-,0741

54543 TC13(2),513=.0741
570:,514=-.0741
575A:TC14(2),514=.0741
$80:,515=~.0741
585A4:TC15(2),515=.0741
590:,5146=-.303
S95AtTC16(2),5162.303
400:,517=-,1961 '
40542:TC17(2),517=.1941
610:,5183-.0217 °~
4154:TC18(2),5182.0217
420:,519=- 1951

42543 TC19(2),519=.1941
630:,520=-.588
435A:TC20(2),520=.588
4403 ,521=-.588
645A:TC21(2),5212.588
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650:,522=-.0286
655A:TC22(2),522=.0286
6601,523=-.303
645A3TC2312),523=.303
6702 ,524=-.,303
675A:TC24(2),524=.303
6803 ,525=-.0303
4854:TC25(2),525=.0303
4901 ,526=-.05263

69543 TC24(7),526=.05243
700:,527=-.11364
710A:TC27¢2),527=. 11364
715¢,528=~.11344
7204:7C28(2),528=.11344
725:,529=-.194608
730A:7C29(2),529=.19408
735:,530=-.7692
740A:7C30(2),530=.7492
745:,531=-.303
7504:7C31(2),531=.303
755:,532=-.0417
760A:TC32(2),532=.0417
765:,533=-.1250
770A:TC33(2),533=.1250
775:,534=-.0125
780A:TC34(2),534=.0125
7851 ,535=-.0125
790A:TC35(2),535=.0125
795:,534=-.025
800A:TC34(2),536=.025
805:,537=-.01445
995%%s%

1000s#s  OBJECTIVE FUNCTION
1005++s

1010HATRIX: TIME(FREE),S1=~.00202
10201 ,52=~.00097
1025:,53=-.00819

10301 ,54=-.0159

1035: ,55=-.009

10402 ,84=-.02079
1045:,57=-.0053
1050:,58=-.00307

1055: ,59=-.0159 .
10602 ,510=-.00154
10451,5112-.00307

10703 ,512=-.00307
1075:,513=-.002

10801 ,5142-.002
1085:,515=~.002
1090:,514%-.00819
1095:,5172-.0053
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1100 ,518=-.00059
1105:,519=-.0053
1110:,520=-.0159
1115:,521=2-,00077
1120:,522=~.00819
1125:,523=-.00819
1130:,524=-.00082
1135:,525=-.00142
11403 ,526=-.00307
1145:,527=-.00307
1150:,528=-.0053
1155:,529=-.02079
1140:,530=~.00819
1165:,531=-.001125
1170:,532=-,00338
1175:,533=-.00034
1180:,534=-.00034
1185:,535=-.00034
1190:,534=-.00068
1195:,537=-.0004
13004+

1305%% RIGHT HAND SIDE VALLUES

1310%2

1315%+3 FUEL QUANTITY CONSTRAINT

1320RHS :FUEL ,RHSV=23434

1325#»# TINE EQUALIYT CONSTRAINTS

1330:7C1=-131.397
1335:T7C2=65.474
1340:TC3285. 491
1345:7C4=-73,158
1350:7C5=115.872
1355:TC6=-157.414
1340:TC7=2.8942
1345:7C8=164.947
1370:7C9=520.053
1375:7C10=-673.92
1380:7C11=48.9202
1385:TC12=-48,8923
1390:7C13=20
1395:7C14=0
1400:7C15=2.1044
1405:TC16222.3617
1410:7C17=186.999
1415:7€18=-158.5647
1420:TC19=147
1425:7C20=0
1430:7C21=-105.88
1435:7C22=203.03
1440:7C232-299.394
1445:7C24=602.4234
1450:7C25=2-592.902
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1455:T7C26=-5.2603
14460:TC27=

1465:TC28=,4317
1470:7C29=7.46246
1475:7C30=-8.1237
1480:TCI1=111,94697
1485:TC32=0

1490:7C33=0

1495:7C34=0

1500:TC35=0

1505:T7C346=~120

1400END*+%

16156 :DATA I

14620:PREPRO
1425:TITLE:GENERATOR FUEL ALLOCATION PLAN
1630:CONVERT : SOURCE=ELEC/IN,IDENT=GFP
1635:SETUP:SOURCE=GFP
1640:8ET:0BJ=TIME,RHS=RHSY
18645:PICTURE

16504PRIMAL

1455:0UTPUT

1460 :ENDLP

16658 :ENDJOB

1470%%2EQF
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Tinker AFB Adjusted Input Program

e - L ey

. er———

10#M4S,R(SL) :,8,16;;,16

15¢: IDENT:UP1184, MOTT/NELSON THESIS
20$:USERID:80AQSISKR?9

25$ :PROGRAN:RLHS
30$:LINITS:10,39K,5K

358 :PRAFL:H+,R,R,AF.LIB/LP.PAC
40$:RENMOTE:S0,SL
438:DISC:AA,A1,10R
S508:01SC:AB,A2,10R
55¢:D1SC:AC,A3,10R
609:DISC:AD,A4,10R
634:D1SC:AE,AS,10R

704:DATA:IN

75FILEELEC

80%%4% TINKER AFB FUEL PLAN
g5%s%s

90%x%% CONSTRAINT HATRIX
CATEIZ

100s*2x  FUEL QUANTITY CONSTRAINT
10SMATRIX:FUEL(P),S2(P)=1
110:,83¢P)=1

115:,85(P)=1

120:,57(P)=1

125:,58(P)=1

130:,511(P)=1

135:,512(P)=1

140:,513(P)=1

145:,514(P)=1

150:,515(P) =1

155:,5146(P)=1

160:,517(P)=t

145:,519(P)=1

170:,522(P)=1

1795:,824(P)=1

180:,524(P)=1

1859:,827(P)=1

190:,828(P)=1

199:,5829(P)=1

200:,530(P)=1

205:,531(P)=t

210:,5837(P)=1

2154533 TIME EQUALITY CONSTRAINTS
220MATRIX:TC2(2),52=.0357
225:,53=~.303

230A:7C3(2),53=.303
235:,55=-.3333
240A:7€5(2),55=.3333
245:,87=~,1941
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500:,517=-.0053
505:,819=-.0053
510:,522=-.00819
519¢,524=-,00082
320:,526=-,00307
525:,527=-.00307
530:,528=-.0053
535:,829=-.02079
540:,530=-,00819
545:,531=-.0011248
950:,537=-.0004

955%:%%

S60%%* RIGHT HAND SIDE VALUES
S465%%%

570%%# FUEL QUANTITY CONSTRAINT
575RHS:FUEL ,RHSV=23434

580%x¢ TIME EQUALITY CONSTRAINTS
585:TC2=65.476

590:TC3=12.333
593:TC9=-41,744
600:TC?7=2.8942
403:T(C8=-48.9202
610:TC11=48,9202
613:7C12=-48.8923

420:TC13=0

425:TC14=0

430:TC15=.1044
435:TC14=22.3617
4640:TC17=28.432
645:TC19=41,174
430:TC22=-94.3436
855:TC24=9.5214
460:T7C24=-5.2603

445:1C27=0

4670:7C28=,4317
473:TC29=7.6244
480:7TC30=~-8.1237
4685:7C31=-8.0303

AF0END:s*+

4958 :DATA: I=*

700:PREPRO .
705:TITLE:GENERATOR FUEL ALLOCATION PLAN
710:CONVERT: SOURCE=ELEC/IN, IDENT=GFP
715:SETUP:SOURCE=GFP
7203SET:0BJ=TINE,RHS=RHSV
725:PICTURE

730:PRINAL

735:0UTPUT

740:ENDLP

745%:ENDJOB

750833E0F
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TINKER AF3 SUBOPTIMAL OUTPUT
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Kelly AFB Original Input Program

il

10888 ,R(J) :,8,1675,16

198 IDENT:UP1184, MOTT/NELSON THESIS
20$:USERID:80A053I$KR79

259 :PROGRAN:RLHS
J08:LINITS210,39K,,5K

358 :PRMFL:H* ,R,R,AF.LIB/LP.FAC
40$:RENOTE:S0,SL
45¢:DISC:A4,A41,10R
50$:DISC:AB,A2,10R
55¢:D15C:AC,AT,10R
40%:D1SC:AD,A4,10R
459:DISC:AE,AS,10R
708:DATA:IN

79FILEsELEC

80:3%xx KELLY AFB FUEL PLAN #x2»
85s%23 ¥Y3T)
90223 CONSTRAINT MATRIX s322
958828 YT
100sssx FUEL QUANTITY CONSTRAINT ##s:
10SMATRIX:FUEL(P),S1(P)=1
110:,52(P)=1

115:,83(P)=1

120:,54(P)=1

125:,85(P)=1

130:,56(P)=1

13%:,87(P )=t

140:,58(P)=t

145:,59(P)=1

150:,510(P)=1

155:,511(P)=1

140:,512(P)=1

145:,513(P)=1

170:,514(P)=1

175:,515(P)=1

180:,514(P)=1

185:,517(P)=1

190:,518¢P)=1

195:,819(P) =1

200:,520(P)=1

209:,521(P)=1

210:,522(P)=1

215:,5823(P)=1

220:,524(P)=1 .
22%:,825(P)=1

230:,526(P)=1

235:,827(P)=1

240:,528(P) =1

245:,829(P)=1

250:,530¢P)=1

255:,831(P)=1

2601,832(P)=1
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At . 4 N s an

265:,833(P)=1
270:,834(P)=1
275:,535(P)=1
280:,536 (P)=1
285:,837(P)=1
290:,538(P)=1

295##%x  TINE EQUALITY CONSTRAINTS
J00MATRIX:TC1(Z),51=.1961

305:,52=~-.1134
310A:TC2(2),52=.1136
315:,53=-,2500
320A:7C3(2),53=.2500
325:,54=-,1134
330A:TC4(2),54=.1136
335:,55=-.1538
3404:7C5(2),55=.1538
345:,56=-,1538

35041 7C6(2),56=.1538
355:,57=~.1136
34042TC7(2),57=.1134
345:,58=~.3030
3704:7C8(2),58=.3030
375:,59=~.1134
380A:TC9(2),59=.1134
385:,510=-,1941
390A:TC10(2),510=.1961

"395:,511=-.5882

400A:TC11(2),511=.5882,
405:,512=-.0425
410A:TC12(2),512=.0425
415:,513=-.1941
420A:TC13(2),513=.1961
425:,514=-.7492
430A:TC14(2),514=.7492
435:,515=-.4
440A:TC15(2),515=.4000
445:,514=-.3030
450A:TC14(2),514=.3030
455:,517=-.3030
4604:TC17(2),517=,3030
445:,518=-.3030
470A:TC18(2),518=,3030
475:,519=-.1941 .
480A:TC19(2),519=.1941
485:,520=-.5882
490A:7C20(2),520=,5882
495:,521=-.1136
5004:TC21(2),521=.1136
505:,522=-.1136
51042:TC22(2),522=.1134
515:,523=-.3030
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5204:7C23(2),523=.3030
525:,5242-,0741
S30A:TC24(2),524=.0741
535:,525=-.5
540A:TC25¢2),525=.5
545:,526=-.5
5504:TC26(2),526=.5
555:,527=2-.125
5404:TC27(7,827=,125
565:,528=- 425
S704:TC28(2),528=.0425
575:,529=-.25
5804:TC29(2),529=.25
585:,530=-.25
5904:7C30(2),530=.25
595:,531=-.25
6004:TC31(2),531=.,25
605:,532=-.25
610A:7C32(2),532=.25
615:,533=-.25
620A:7C33(2),533=.25
425:,534=-.0425

63043 TC34(2),534=,0625
435:,5352-.0425
640A:TL35(2),535=.0625
645:,534=~.125
650A:TC36(2),536=,125
655:,537=-.25
460A:TC37(2),537=.25
665:,538=-.0816
4705030

475#s#+ OBJECTIVE FUNCTION
480%%x%2
485MATRIX:TIME(FREE),51=-.00516
690:,52=-.00299
695:,53=-.00458
700:,54=-.00299

705: ,55=-.00405
710:,562-.00405
715:,57=-.00299
720:,582-.00797
725:,593-.00299
730:,510=-.00516
735:,511=-.01548
740:,512=-.001645
745:,513=-.00516
7503,514=-.02024
755:,515=-.01053

7601 ,514=-.00797
765:,517=-.00797
770:,5182-.00797
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775:,819=-.00516
780:,520=-.01548
785:,521=-.00299
790:,522=-.00299
795:,523=-.00797
800:,524=~.00195
805:,525=-.01316
810:,526=-.01316
815:,527=-.003289
820:,528=-.001445
825:,529=-.00458
830:,530=-.00658
835:,531=-.00459
840:,532=-.00658
845:,533=-.00658
8502,534=-.001645
855:,535=-.001645
840:,634=-.00329
845:,537=-.00658
870:,538=-.00215

8754444 *EkE
880x**x+ RIGHT HAND SIDE VALUES #:#%»
895* % %% kKRR

890+xx+  FUEL QUANTITY CONSTRAINT ###x
895RHS sFUEL ,RH5V=10290
900s+%s  TIME EQUALITY CONSTRAINTS  #u#s
905:TC1=-194.81
910:TC2=-19.19
915:7C3=2.15
920:TC4=2.36
925:7C5=0.0
930:TC6=139.44
935:7C?=-79.5
940:7C8=-79.54
945:7C9=228.89
950:TC10=-204.958
955:7C11=-4.042
960:TC12=44.85
965:TC13=96.2
970:TC14=-92.3
975:TC15=-24.23
980:TC146=73.75
985:TC17=-75.75 .
790:TC18=144.5
995:TC19=-93.2
1000:T7C20=414.07
1005:TC21=~-736.128
1010:7C22=126.308
1015:7C23=-143.7222
1020:7C24=112.2222
1025:TC25=0
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1030:TC26
1035:7C27
1040:7C28=0

1045:7C29=0

; 10503 T€30=0

} 1055:7C31=0

1040:TC32=0

1065:TC33=0

1070:TC34=0

1075:7C35=0

1080:TC346=0

1085:TC37=-120

1090END+:+#

10956 :DATA: I

1100:PREPRO

1105: TITLE :GENERATOR FUEL ALLOCATION PLAN
1110:CONVERT : SOURCE=ELEC/IN, IDENT=GFP
1115:SETUP : SOURCE=GFP

1120:SET:0BJ=TINE ,RHS=RHSV

1125:PICTURE

1130:PRINAL

1135:0UTPUT

1140 :ENDLP

1145$ :ENDJOB

11508#3E0F

oo

e o ———

140

e ‘
. e ek mm’“ ~"M? Al
P s i o~ T




Kelly AFB Adjusted Input Program

10#8S,R(SL) :,8,1653,16
15$:IDENT:WP1184, NOTT/NELSON THESIS
208 :USERID:80A053$KR79

25$ :PROGRAN :RLHS
30$:LINITS:10,39K, ,5K

358 :PRMFL:H* ,R,R,AF .LIB/LP.PAC
408 :RENOTE:S0, 5L
458:DISC:AA,AT,10R
50$:D1SC:AB,A2,10R
55$:D15C:AC,A3,10R
604:DISC:AD,A4,10R
65$:DISC:AE, A5, 10R

708 :DATA:IN

75FILE :ELEC

BOs##+ KELLY AFB FUEL PLAN ##%
85%%%% EX £
90%x*s CONSTRAINT NATRIX ##es
95%x% PR T T
100#+#+ FUEL QUANTITY CONSTRAINT s##s
105HATRIX:FUEL(P),S52(P)=1
1102,53(P)=1

115:,54(P)=1

120:,85(P)=1

125:,84(P)=1

130:,58(P) =1

135:,59(P)=1

1402,511(P)=1

145:,512(P)=1

1502,513(P)=1

1552,515(P)=1

1602,514(P)=1

145:,518(P) =1

170:,522(P) =1

175:,524(P)=1

1802,538(P)=1

185s##%  TINE EQUALITY CONSTRAINTS  #sxs
190MATRIX:TC2(2),52=.1136
195:,53=-.2500
200A:TC3(2),83=,2500
205:,54=-.1134
210A:TCA(Z),54=.1134
215:,55=-.1538
220A:TC5(2),55=.1538
225:,56=-.1538
230A:TC4(Z),56=.1538
235:,58=-.3030
240A:7C8(2),58=.3030
245:,59=~,1134
250A:TC9(2),59=.1136
255:,5112-,5882
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260A:TC11(2),511=.5882
2651 ,5122-,0425
270A:TC12(2),512=.0425
2753,513=2-,1961
280A:TC13(2),513=.1961
285:,515=-.4
290A:TC15(Z),$15=.4000
295:,514=~.3030
300A:TC16(2),516=.3030
305:,518=-.3030
3104:7C18(2),518=.3030
315:,522=-.1134
320A:7C22(2),522=.1136
325:,524=-.0741
330A:TC24(2),524=.0741
335:,538=-.0816

J40%s4 E2 F 1)
345+++%  (OBJECTIVE FUNCTION EEEE
J50%x»% *EER

ISSMATRIX: TINE(FREE),52=.00299
340:,53=-.00458
345:,54=-.00299
370:,55=-.00405
375:,56=-.00405
380:,58=~-.00797
385:,59=~.00299
390:,511=~,01548
395:,512=2-,001645
400:,513=-.00516
405:,515=-.01053
4101,816=-,00797
415:,518=-,00797
420:,522=-,00299
425:,524=-.00195
430:,538=-,00215

A35%323 EE L2
4402+ RIGHT HAND SIDE VALUES ##s=*
4452222 EE P

450*+x%  FUEL QUANTITY CONSTRAINT #es=x
455RHS 1 FUEL ,RHSV=10290

460s22s  TIME EQUALITY CONSTRAINTS  s*»s
465:7C2=-19.19

470:7C3=2.13 -

475:7C4=2,34

480:7€5=0.0

483:TC4240.14

490:7C82~79.54

495:TC9=23.932

500:TC11=-4.042

505:TC12=44.85

510:7C13=3.9
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315:TC15=-24.,25

320:7C14=0

325:TC18=~50.758

530:7C22=-17.2122

935:TC24=-7,7778

S40END#3»

5454 :DATA: I

550 :PREPRO

539:TITLE:GENERATOR FUEL ALLOCATION PLAN
560:CONVERT:SOURCE=ELEC/IN,IDENT=6FP
S65:SETUP :SOURCE=GFP
S570:SET:0BJ=TIME ,RHS=RHSY
375:PICTURE

380 :PRIMAL

983:0UTPUT

590 :ENDLP

593$:ENDJOB

400*+»EQF
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The following is an example illustrating the
validity of the analysis procedure for determining the maxi-
mum length of time that a system of generators can operate
on a specified quantity of emergency fuel. For simplicity,
only two generators are in the system. The example problem

is outlined below.

EXAMPLE PROBLEM INFORMATION

Emergency Generators

Fuel Consumption Fuel Tank Capacity

Generator # (Gal/Hrx) {Gal)
1 3.5 1000
2 7.5 1500

Emergency Fuel Stocks: Total = 10000 gallons

The set of 3 linear equations required for this
example problem can be solved by a standard analytical
technique for solvina simultaneous linear equations, and
also by the LP600 computer program. Consistent results
using the two techniques indicate the validity of the pro-
cedures used to derive the linear programming objective
function and constraint set, and the validity of the pro-
cedure used to obtain the maximum length of time the ALCs
can operate from the maximized objective function.

The linear equations for the analytical solution

procedure are obtained as follows:
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The length of time that generator #1 can operate

is Tl'
Tl = Sl/Rl + Fl/R1
T1 = Sl/3.5 + 100/3.5
= .2857S1 + 285.714
The length of time that generator #2 can operate |
. E
is T2.
:
'
T2 = SZ/RZ + F2/R2
= 52/7.5 + 1500/7.5

.1333S2 + 200

Both generators are required to operate the same

length of time, Tmax' so T, =T . The linear equa-

2 - Tmax
tions for the length of time each generator can operate

now become:

-3
)

max - .2857Sl + 285.714

for generator #1, and

T
max

.133382 + 200

for generator #2.

The supply constraint is:

S1 + S2 = 10000

The three equations can now be rearranged and solved simul-

taneously.
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T - .2857s = 285.714
max 1
max - .1333S2 = 200
S1 + 82 = 10000
Multiply row one by -1 and add to row two.
.2857s, - .133382 = -85.714
] + 52 = 10000

Multiple row two by .1333 and add to row one.

.41981

Or: S1

Now solve for Sz.

S, + S2

1

2976.816 + 52

S,

Solve for T :
max

max

max

H a3
]

max

+3
L]

max

1247.286

2976.816 Gallons

= 10000

= 10000

= 7023.184 Gallons
.28575, = 285.714

1
(.2857) (2975.816) = 285.714

1134.1066 Hours

68046.3936 Minutes

The information regarding the two generators is

now used to develop the objective function and constraint

set for the LP600 program.

Note that in this example
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problem the coefficients and constants are based on a con-
sumption rate expressed in gallons per minute. The objec-

tive function is obtained as follows:

Z = Sl/NR1 + SZ/NR2

; Since N is 2: Z = 8.575, + 45,

The supply constraint is:

S; + S, < 10000

The time equality constraint is:

S, /R

o s mase L

1/Rq - SZ/RZ = F2/R2 - Fl/Rl

or: 17.1481 - 8.OOS2 -5142.86

The constant K, expressed in minutes is:

272
8571.428 + 6000

{ K = F; /RN + F,R,N

K

K

14571.428 Minutes

The set of equations, then, to be solved using the LP600

program is:

Z = 8.578 + 452

< 10000

Sl + S2

17.1481 - 8.005, = -5142.86

156




A n e Y gt At o e e W

e vat B -

e+ T

——— -t oy | A |

The LP600 program used to solve the problem and
selected computer output products are shown on the follow-
ing four pages. Though the input format for the LP600
program is not entirely obvious, the input program is
included for those who may be familiar with this specific
linear program package. The relevant items of information
from the output of the program are identified on the three
output pages. These are the optimal value for the objec-
tive function, and the fuel quantities, S1 and S5+ allo-
cated to the generators.

From the LP600 output:

4]
1

2977.6 Gallons

wn
]

2 7022.39 Gallons

N
U]

53607.682 Minutes

The constant K must be added to the optimal value of the
objective function to obtain the actual maximum time that

the generators can operate.

T =2 + K
max
= 53,607.68 + 14,571.43
= 68,179.11 Minutes
Tmax = 1136.32 Hours

The slight differences between these results and
those obtained from the analytical procedure can be attri-

buted to decimal round-off error. For most practical
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purposes, the maximum values obtained by the two procedures

can be considered identical. Thus the procedures for devel-
oping the objective function and constraint set for the
LP600 linear program, and the method for obtaining the
maximum time from the optimal value for the objective func-

tion and the constant K appear to be valid.
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Example Problem Input Program

10#4S,R(J) 1,8,143,,14

20843 IDENT:WP11846, AFIT LSG S.D. NELSON
JO$:USERID:80A05I$KR79

408 :PROGRAN:RLHS
S08:LINITS:10,39K,,5K

408 tPRNFL:Hs ,R,R,AF .LIB/LP.PAC
704 :RENOTE:S0,SL
80$:D1SC:AA,A1,10R
90¢:D1SC:AB,A2,10R

1008 :D1SC:AC,A3,10R
1104:DISC31AD,A4,10R
1204:DISC:AE,AS, 10R
1308:DATA: IN

140FILESELEC

1505882 HATRIX ssus
160MATRIX:ONE(Z),S1(P)=17.14
170:,82(P)=-8.00
180MATRIX:TUO(P),S1=t

190:,52=1

200#e%s (OBJECTIVE FUNCTION #s3s
210MATRIX:0BJROUCFREE) ,S51=-8,37
2203,52=-4

23033 RHS 843

240RHS s ONE, RHSONE=-5142.86
2501TUO=10000

260END*==»

270%:DATA: 1+

280:PREPRO

2903 TITLEsGENERATORFUELPLAN
3003 CONVERT s SOURCE=ELEC/IN,IDENT=GFP
J103SETUP:SOURCE=GFP
320:SET:0BJ=0BJROU ,RHS=RHSONE
330:PICTURE

J40:PRINAL

350:0UTPUT

340:ENDLP

J708:ENDJOB .
J80»ssEQF
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